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October  Meeting  of  the  Institute. — Invitations  have  been  sent  to  the 
members  of  the  following  societies  through  the  respective  Secretaries  to 
attend  the  October  meeting  of  the  Institute  and  the  Dinner  which  will  be 
given  on  the  evening  of  Oct.  17  : 

American  Society  for  Testing  Materials, 
American  Iron  and  Steel  Institute, 
American  Society  of  Mechanical  Engineers, 
American  Society  of  Civil  Engineers, 
American  Institute  of  Electrical  Engineers, 
American  Foundry  men's  Association. 

Members  of  these  Societies  have  also  been  invited  to  contribute  to  the 
discussion  of  the  various  papers  to  be  presented  at  the  meeting,  a  revised 
list  of  which  appears  in  the  notes  of  the  Iron  and  Steel  Committee  on  p.  vi. 
Many  individuals  of  national  and  international  prominence  have  also  been 
iavited  to  contribute  discussions  of  these  papers,  and  the  response  to  these 
invitations  has  been  extremely  encouraging. 


Oregon  LfOcal  Section. — At  a  recent  conference  in  Portland,  Ore.,  of 
the  Secretary  of  the  Institute  and  some  of  the  local  members,  the  subject 
of  the  formation  of  an  Oregon  Section  was  discussed.  The  suggestion  was 
received  with  enthusiasm  and,  as  a  preliminary  step  in  the  formation  of 
such  a  section,  the  Or^on  members  enlisted  in  a  campaign  to  extend  the 
membership  of  the  Institute  within  the  State  as  well  as  to  secure  papers 
on  Oregon  mining  and  geological  subjects. 


ii  Monthly  Bulletin,  No.  81,  September,  1918. 

Nominations  for  Officers. — The  Committee  appointed  by  the  Board 
of  Directors  to  nominate  oflScers  for  the  Institute  for  the  year  1914  desires 
that  every  member  participate  in  the  work  by  offering  suggestions  and 
proposing  names  for  the  various  oflBces,  thereby  obtaining  the  best  ticket 
that  can  Be  recommended. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1914,  are : 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Consti- 
tution, and  to  By-Law  XIII,  which  reads  as  follows : 

'  The  Geographical  districts  to  be  considered  bj  the  Committee  on  Nominations  shall 
be  as  follows,  until  otherwise  ordered  hj  the  Board. 

District  No.  1.  New  England,  New  York,  and  New  Jersey,  excepting  New  York  City 
and  district,  which  is  provided  for  in  the  Constitution.  [N.  B. — New  York  City  and  dis- 
trict is  designated  District  0.] 

District  No.  2.     Pennsylvania. 

District  No.  3.    Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri. 

District  No.  4.    Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana,  North  and  South  Dakota,  Wyoming,  Nebraska,  Kansas, 
Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.    California  and  Nevada. 

District  No.  7.     Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.     Louisiana  and  Texas. 

District  No.  9.     Other  Southern  States  and  District  of  Columbia. 

District  No.  10.     Mexico. 

District  No.  11.     Canada.'' 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows : 

'*In  making  such  selections  [namely,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  shall,  so  far  as  practicable,  distribute  the  representation  on  the  Board  geo- 
eraphically,  so  that  seven  members  shall  be  residents  of  the  district  including  New  York 
Citv  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  of  the  Institute, 
and'  one  member  a  resident  of  each  of  the  geographical  districts  enumerated  in  the 
By-Laws." 

The  oflBcers  of  the  Institute  whose  terms  expire  are  as  follows  : 

President,  Charles  F.  Rand  (not  eligible  for  re-election). 

Past  President,  Charles  Kirchhoff. 

Vice-Presidents,  Karl  Eilers.  District  0;  Waldemar  Lindgren,  District  1. 

Directors,  James  Douglas,  District  0 ;  James  Gay  ley,  District  0 ;  Albert 
R.  Ledoux,  District  0;  Charles  W.  Merrill,  District  6;  and  C.  Snelling 
Robinson,  District  3. 

It  is  hoped  that  the  members  of  the  Institute  will  help  the  Committee  to 
the  utmost  by  making  suggestions  and  proposals  as  requested  above, 
which  should  be  sent  to  the  Chairman  of  the  Nominating  Committee, 
John  Hays  Hammond,  71  Broadway,  New  York,  N.  Y. 

John  Hays  Hammond, 
Chairman^  Nominating  Committee, 
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PERSONAL. 

(Members  are  uif^ed  to  lend  in  for  this  columD  any  notes  of 
interest  concerning  themselves  or  their  fellow-members.) 

Members  who  registered  at  Institute  headquarters  during  July  and 
August : 


R.  H.  Sweetser,  Columbus,  Ohio. 

Raymond  Brooks,  Goldfield,  Nev. 

Edward  M.  Shepard,  Springfield,  Mo. 

Rndolf  Gahl,  Clifton,  Ariz. 

Edmund  von  Maltitx,  Pittsburg,  Pa. 

M.  K.  Rodgera,  Seattle,  Wash. 

M.  B.  Cohen,  Miami,  Ariz. 

A.  P.  Watt,  Newark,  N.  J. 

H.  H.  Stock,  Urbaoa,  JU. 

D.  W.  Bninton,  Denver,  Colo. 

C.  S.  Robinson,  Youngstown,  O. 


C.  R.  HiU,  New  York.  N.  Y. 
H.  A.  Morrison,  Candor,  N.  C. 
Frederick  J.  PatchcU,  Washington,  D.  C. 
Walter  F.  Pync,  New  York,  N.  Y. 
Harvey  B.  Small,  Mangangue,   Colombia, 

S.  A. 
J.  F.  Erdlcts.  Jr.,  New  York,  N.  Y. 

D.  H.  Ladd,  Houghton,  Mich. 
Roy  F.  Cornell,  Santa  Cruz,  Cal. 
W.  B.  Foote,  Geneva,  N.  Y. 
H.  Sjogren,  Stockholm,  Sweden. 


J.  L.  W.  Birkinbine  is  manager  of  the  Benson  Mines,  St.  Lawrence 

county,  N.  Y. 

Francis  Church  Lincoln  has  resigned  as  professor  of  Mining  Engi- 
neering at  the  University  of  Illinois  to  become  resident  engineer  for  the 
Bolivian  Development  &  Exploitation  Co.,  with  headquarters  at  La  Paz, 
Bolivia. 

Prank  C.  Laurie  has  been  appointed  General  Manager  for  the  Cia. 
Mexicana  de  Petroleo"El  Aguila"  S.  A.,  in  charge  of  the  southern  oil 
fields,  with  residence  and  headquarters  in  Minatitlan,  Vera  Cruz. 

J.  £.  Johnson,  Jr.,  has  opened  an  office  as  consulting  engineer  and 
metallurgist.  He  will  specialize  in  making  investigations  and  reports  on 
industrial  plants  and  processes  and  in  the  engineering  and  operation  of 
blast  furnace  and  steel  plants  and  iron  mines.  He  has  associated  himself 
with  Sanderson  &  Porter,  Engineers,  52  William  Street,  New  York,  N.  Y. 

A  complimentary  dinner  tendered  to  Obcrbcrgrat  Dr.  h,  c.  Richard 
Beck,  Rektor  magnificus  of  the  Konigliche  Bergakademie,  Freiberg,  Sax- 
ony, Germany,  and  the  members  of  the  Old  Freibergers  in  America  by  Fred- 
erick G.  Corning,  was  given  at  the  Engineers'  Club,  New  York,  on  Tuesday, 
September  9,  1913.  Franklin  Guiterman  acted  as  Toastmaster.  Dr.  Beck, 
Dr.  R.W.  Raymond,  Secretary  Emeritusof  the  American  Institute  of  Mining 
Engineers  and  President  of' the  Old  Freibergers  in  America,  and  Charles 
L.  Bryden,  the  Secretary-Treasurer,  responded  to  toasts.     Besides  the 

giest  of  honor,  those  present  were :  T.  Wain  Morgan  Draper,  Franklin  B, 
uiterman,  Albert  Meyer,  Dr.  P.  J.  Oettin^er,  Dr.  R.  W.  Raymond,  Baron 
Alfred  von  der  Ropp,  Dr.  Gardner  F.  Williams,  0.  G.  Schultz,  Dr.  F.  A. 
Wilder,  Dr.  William  B.  Phillips,  Dr.  Arnold  Hague,  H.  H.  Knox,  G.  McM. 
Godley,  Prof.  Waldemar  Lindgren,  H.  A.  J.  Wilkens,  H.  H.  Webb,  R.  M. 
Payne,  C.  L.  Bryden. 

G-  B.  Street,  Mining  Engineer  with  the  E.  I.  duPont  de  Nemours  Pow- 
der Co.,  is  now  at  duPont,  Wash.,  investigating  the  various  sources  of  heavy 
sulphide  ores  suitable  for  use  in  manufacturing  sulphuric  acid. 

H.  A.  Morrison*  formerly  Mine  Superintendent,  Uwarra  Mining  Co., 
Candor,  N.  C,  has  accepted  a  position  with  the  Globe  Consolidated  ^lining 
Co.,  Dedrick,  Trinity  county,  Cal. 

Dr.  A.  N.  Winchell,  Professor  of  Mineralogy  and  Petrology  in  the 
University  of  Wisconsin,  is  spending  the  summer  in  a  study  of  the  min- 
eral resources  and  geology  of  southwestern  Oregon  for  the  Oregon  Bureau 
of  Mines  and  Geology.  He  expects  to  prepare  a  report  during  the  coming 
year. 

Prof.  James  F.  Kemp  has  received  the  honorary  degree  of  Doctor  of 
Laws  from  McGill  University. 
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ENGINEERS  AVAILABLE. 

(Under  this  heading  will  be  published  notes  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons. ) 

A  member,  technically  educated,  with  20  years'  practical  experience  as 
engineer,  assistant  superintendent,  superintendent,  and  manager  of  large 
mines  and  mills  on  construction  and  operation,  also  experience  in  mine 
examination,  is  open  to  engagement. 

Metallurgist  of  18  years'  experience  in  Mexico  with  large  plants  is  open 
to  engagement.  Last  position,  superintendent  of  copper  smelting  works. 
Best  line,  copper  and  lead  smelting,  but  also  experienced  in  mine  valua- 
tion and  ore-treatment  investigation  work.     Speaks  Spanish. 

A  member  of  the  Institute  and  graduate  mining  engineer  with  10  years' 
experience  in  the  Lake  Superior  copper  district,  also  practical  experience, 
desires  position  as  superintendent  or  manager. 

Member,  graduate  mining  engineer,  experienced  in  mine  arid  mill  work, 
geology  and  field  work,  one  year  in  the  hydrometallurg}'  of  copper,  is  open 
for  engagement  Aug.  15. 

A  member,  at  present  in  the  Southwest,  desires  a  position  as  assistant 
superintendent  or  assistant  manager  with  a  mining  company  operating  in 
Washington  or  Alaska.     Experienced  assayer  and  engineer. 

A  member,  technical  graduate,  with  nine  years'  mining  experience  as 
assayer,  engineer,  foreman,  manager's  assistant,  and  superintendent  of 
large  development  and  operating  mining  companies  in  the  United  States 
and  Mexico,  is  open  for  engagement. 

A  member,  technical  graduate,  33  years  of  age,  11  years'  experience  as 
chemist,  metallurgist  and  superintendent  of  lixiviation  plant  and  in  charge 
of  construction  of  cyanide  mill,  desires  position  as  assistant  superintendent 
or  superintendent  of  mining  or  milling  company  in  United  States  or  Canada. 

Young  man,  technical  graduate,  two  and  a  half  years'  experience  in 
chemical  laboratory,  desires  position  as  chemist. 

Young  man,  recent  graduate  in  mining  and  geology,  desires  position. 

Fuel  expert,  graduate  chemist,  four  years'  experience  in  chemical 
routine  and  research  work  on  fuels  and  chemical  side  of  engine-room  and 
boiler-room  problems.  Classification  and  valuation  of  fuels  and  solution 
of  feed  water  troubles  a  specialty. 

Metallurgist,  experienced  in  the  handling  of  carbon,  alloy  and  tool 
steels,  desires  a  position  with  a  steel  company,  preferably  as  traveling 
sales  metallurgist. 

Graduate  chemist,  with  seven  years'  experience  in  analytical  work,  in- 
cluding gold,  silver,  zinc,  fuels,  desires  a  position,  preferably  in  the  West, 
as  chemist  or  foreman  in  a  metallurgical  plant. 


POSITIONS  VACANT. 

(Under  this  heading  will  be  published  notes  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons. ) 

Position  of  laboratory  assistant  in  metallurgy,  pyrometry,  and  physical 
testing  is  vacant.  Salary  $80  to  $100  to  start.  Knowledge  of  metallogra- 
phy desirable. 

Opening  for  a  mine  superintendent  familiar  with  stoping  methods  on 
narrow  gold  quartz  veins ;  also  for  a  superintendent  of  a  50-ton  fine-grind- 
ing cyanide  mill.    College  man  under  40  preferred. 

Position  in  sales  department  is  open  for  a  mining  engineer  with  experi- 
ence in  mine  ventilation  and  possessing  some  knowledge  of  fan  design ; 
one  competent  to  lay  out  ventilating  systems  to  meet  various  conditions. 
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READY  FOR  DISTRIBUTION. 

EMMONS  VOLUME  ON  ORB-DEPOSITS. 

OrC'Deposits — a  continuation  of  the  "  POsepny  "  Volume. 

Comprisinff  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  editea,  witb  an  introduction,  bv  Dr.  S.  F.  Emmons.  The  volume 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  bv  his  associate  and 
friend,  Dr.  Greorge  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  preparea  by  Prof.  John  D.  Irving,  of  the 
Sheffield  Scientific  School  of  Yale  University.  Dr.  Emmons  had  nnished 
his  editorial  work  and  written  his  Introduction  before  his  lamented  death 
in  1910 ;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  as 
the  foremost  authority. 

Contents. 

Generii  of  Certain  Ore-Deposits.    By  8.  F.  Emmons. 

Stractoiml  RelAtions  of  Ore>Depo8lts.    By  8.  F.  Emmons. 

GeoloRieal  Distribution  of  the  UseAil  Metals  in  the  United  States.    By  8.  F.  Emmons.     Discnsslon,  by 

John  A.  Chubch,  Abtbub  Winslow,  S.  F.  Emmons,  and  William  Hamilton  Mxaurr. 
Tonional  Theory  of  Joints.  By  Obobob  F.  Bkkek.  Discussion,  by  H.  M.  Howe,  R.  W.  Raymond,  C.  R. 

BoTD,  and  Gboeob  P.  Bxckbb. 
Allotiopism  of  Oold.   By  Uenbt  Louis. 

Sopeiflcial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 
Some  Mines  of  Rosita  and  Silyer  Cliff,  Ooloatdo.   By  8.  F.  Emmons. 
Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discosston,  by  Joseph  Lx  Conte,  8.  F.  Emmons, 

G.  F.  Bbckbb,  Abthub  Winblow,  W.  p.  Blake,  and  J.  R.  Don. 
Inflnenoeof  Oonntry-Roek  on  Mineral  Veins.   By  Waltxb  Uabyet  Wxxd. 
Igneous  Rocks  and  Ciroulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 
OonsideFation  of  Igneous  Rocks  and  Their  SagrBgation  or  DlArentlation  as  Related  to  the  Occurrence 

of  Ores.   By  J.  E.  Spubr.   Discussion,  by  A.  N.  Winchell. 
Chemistry  of  Ore-Deposition.    By  Walter  P.  Jennet.    Discussion,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  Walter  Haryey  Weed.    Discussion,  By  W.  L.  Aostin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.    By  Walter  Hartbt  Weed. 
Btaltic  Zones  as  Guides  to  Ore-Deposits  in  ihe  Cripple  Creek  District,  Colorado.    By  E.  A  Stevens. 
Geological  Features  of  the  Gold-Production  of  North  America.    By  W.  Lindoren.   Discussion,  by  W. 

G.  Miller  and  W.  L.  Axtstin. 
Oimoeis  ss  a  Factor  in  Ore-Formation.    By  Halbert  Powers  Gillette. 
Ore-Deposits  of  Sudbury.  Ontario.    By  Charles  W.  Dickson. 
Genesis  of  the  Copper-Deposits  of  diiton-Morend,  Ariiona.    By  W.  Lindoren. 
Copper-Deposits  at  San  Jose,  TamauUpas,  Mexico.   By  J.  F.  Kemp. 
Xagmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencer. 
Genetie  Relations  of  the  Western  Nerada  Ores.    By  J.  £.  Spurr. 

An  the  QuarU  Veins  of  flilver  Peak,  Nerada,  the  Result  of  Magmatic  Segregation  T    By  J.  B.  Hastings 
Oecorrenoe  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindoren. 
Sunmary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron-Bearing 

Series.    By  C.  K.  Leith. 
Qeologlca]  Relations  of  the  Scandlnaylan  Iron-Ores.    By  H.  SjOoren. 
Vumation  and  Enrichment  of  Ore-Bearing  Veins.    (With  Supplementary  Paper.)    By  George  J. 

Bancroft. 
Biatribution  ot  the  Elements  in  Igneous  Rocks.   By  H.  8.  Washington. 
A«ency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of 

the  United  States.    By  W.  H.  Emmons. 
Cognste  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Irving,  U.  D.  Smith,  and  H.  G.  Ferguson. 

The  volume  contains  1002  pages.  Price,  bound  in  cloth,  $5 ;  in  half 
morocco,  $6.  Both  the  Emmons  and  the  Posepny  Volumes  on  Ore- 
Deposits,  bound  in  cloth,  $8;  in  half  morocco,  $10. 
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IRON  AND  STEEL  COMMITTEE. 

Chablbb  Kibohhoff,  Chairman. 

Albebt  Sauvextb,  Vtce-Chairman. 

Hebbebt  M.  Botlston,  Secretary,  Abbot  Bldg.,  Harvard  Sq.,  Cambridge,  Mass. 


JohD  Birkinbine,  J.  E.  Johnson,  Jr.,  J.  S.  Unger, 

William  H.  Blauvelt,  William  Kelly,  Felix  A.  Vogel, 

James  Graylej,  Richard  Moldenke,  Leonard  Waldo, 

Henry  D.  Hibbard,  Joseph  W.  Richards,  William  R.  Walker, 

Henry  M.  Howe,  C.  F.  W.  Rys,  WillUm  B.  Webster, 

Robert  W.  Hunt,  E.  Gybbon  Spilsbury,  Frederick  W.  Wood. 

A.  A.  Stevenson, 

J.  8.  Unger  and  C.  F.  W.  Rys  have  accepted  membership  on  the  Iron 
and  Steel  Committee. 

The  Program  Committee  has  held  two  meetings  in  New  York  and  has 
perfected  the  preliminary  plans  for  the  October  meeting.  The  Committee 
will  meet  again  in  September. 

The  following  provisional  program  has  been  laid  out  by  the  Program 
Committee,  but  is  subject  to  later  additions  and  changes : 

First  Session,  Oct.  16,  10  ^.  Jf. 

1.  W.  A.  Forbes,  Blast  Furnace  Gas  Cleaning. 

2.     . 

3.  W.  R.  Shimer,  Over-Oxidation  of  Steel. 

4.  W.  H.  Blauvelt,  The  Slagging  Producer. 

Second  Session,  Oct,  16,  2  P.  M, 

5.  H.  F.  Miller,  Jr.,  New  Design  of  Regenerators  for  Open-Hearth  Furnaces. 

6.  Prof.  F.  Peter  (Leoben,  Austria),  The  Generation  of  Steam  by  Waste  Heat  from 
Furnaces. 

7.  G.  C.  Stone,  The  Generation  of  Steam  by  Waste  Heat  from  Regenerative  Furnaces. 

8.  Dr.  Richard  K.  Meade,  The  Use  of  Powdered  Coal  as  Fuel. 

9.  H.  R.  Barnhurst,  The  Use  of  Powdered  Coal  as  Fuel  for  Metallurgical  Furnaces. 

10.  £.  Stiitz,  The  Scoria  Process  for  the  Manufacture  of  Fine-Ore  Briquettes. 

11.  Felix  A.  Vogel,  Briquetting. 

12.  Felix  A.  Vogel,  Use  and  Advantages  of  Briquettes  in  Blast-Furnace  Practice. 

13.  R.  H.  Lee,  The  Use  of  Nodulized  Ore  in  the  Blast  Furnace. 

Third  Session,  Oct,  17,  10  A,  M. 

14.  H.  M.  Howe  and  A.  G.  Levy,  Determination  of  the  Position  of  Acj  in  Carbon- 
Iron  Alloys. 

15.  G.  K.  Burgess,  J.  J.  Crowe,  and  H.  S.  Rawdon,  Thermal  and  Microscopical 
Examination  of  Professor  Howe's  Standard  C'ommercial  Steels. 

16.  H.  M.  Howe,  Discu^ion  of  the  Existing  Data  as  to  the  Position  of  Ae,. 

17.  H.  M.  Howe,  Ae^,  the  Equilibrium  Temperature  for  Aj  in  Carbon  Steel. 

18.  H.  M.  Howe,  The  Divorcing  of  the  Eutectuid  in  Meteorites. 

Fourth  Se^ision,  Oct.  17,  2  P.  M. 

19.  R.  R.  Abbott,  The  Influence  of  Various  Elements  on  the  Absorption  of  Carbon 
Steel. 

20.  J.  V.  Emmons,  Some  Phases  of  the  Practical  Treatment  of  Tool  Steel. 

21.  J.  H.  Hall,  Shock  Tests  of  Cast  Steel. 

22.  G.  H.  Clevenger  and  B.  Ray,  The  Influence  of  Copper  upon  the  Physical  Proper- 
ties of  Steel. 

23.  J.  H.  Hall,  The  Life  of  Crucible  Steel  Furnaces.       / 

Some  of  these  papers  have  already  been  printed  in  the  Bulletin  and  it  is 
expected  that  the  others  will  be  printed  before  the  meeting. 

A  dinner  for  the  men  has  been  planned  for  the  evening  of  Oct.  17,  but 
the  details  have  not  yet  been  decided.  After  the  dinner  there  will  be  a 
smoker  and  moving  picture  entertainment  under  the  auspices  of  the  New 
York  Local  Section.  H.  M.  Boylston,  Secretary. 
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MONTANA  LOCAL  SECTION. 

OommiUee  of  Arrangement. 

£.  P.  MATHEWaON,  Chairman. 
Frank  M.  Smith,  Vtee-Gkairman, 
D.  C  Babd,  Secretary,  Montana  State  School  of  Mines,  Butte,  Mont 

OdCAR  BOHN,  JaMK  L.  BbCCE. 

On  Aug.  20,  1913,  the  following  30  members  of  the  Institute  residing  in 
Montana  made  written  application  to  the  Board  of  Directors  of  the  Insti- 
tute for  authority  to  establish  a  local  section  of  the  Institute  to  be  called 
the  Montana  Section,  with  headquarters  at  Butte,  and  having  such  terri- 
tory as  may  later  be  determined  on.  This  petition  was  granted  by  the 
Board  at  its  meeting  in  Butte,  Mont.,  Aug.  20,  1913.  The  committee 
named  at  the  head  of  this  paragraph  was  appointed  to  arrange  for  perma- 
nent organization  of  this  section. 

£.  P.  Mathewson,  C.  F.  Keliey, 

Beno  H.  Sales,  John  R.  BaHlett, 

William  Scallon,  M.  H.  Gidel, 

August  Christian,  £.  M.  Norris, 

Frederick  Laist,  D.  C.  Bard, 

N.  H.  Emmons,  2d,  J.  O.  Elton, 

Samuel  Barker,  Jr. ,  John  Gillie, 

Theodore  Simons,  Charles  W.  Johnston, 

George  E.  Moulthrop,  J.  A.  Grimes, 

EL  W.  Rusterhols,  Frederick  T.  Greene, 

Edgar  M.  Dunn,  J.  H.  Klepinger, 

Willis  T.  Bums,  W.  A.  Young, 

0,  W.  Goodale,  T.  E.  Mitchell, 

Ralph  Hayden,  L.  D.  Frink, 

Oscar  Rohn,  George  A.  Packard. 


THE  COAL  RESOURCES  OF  THE  WORLD. 

This  book  is  an  inquiry  made  upon  the  initiative  of  the  Executive  Com- 
mittee of  the  Twelfth  International  Geological  Congress,  with  the  assist- 
ance of  geological  surveys  and  mining  geologists  of  diflferent  countries, 
published  by  Morang  &  Co.,  Ltd.,  Toronto,  Canada. 

It  consists  of  three  quarto  volumes  of  about  400  pages  e%5h,  Si  by  10}  in., 
and  an  atlas  of  about  70  maps  in  colors,  13J  by  19i  in.,  bound  in  heavv 
paper  cover.  Edition  limited  to  3,000  copies.  One  thousand  copies  will 
be  reserved  for  members  of  the  International  Geological  Congress,  and 
the  remainder  of  the  edition  will  be  distributed  in  the  order  in  which  ap- 
plications are  received.    Price,  $25  per  set. 
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INTERNATIONAL  ENGINEERING  CONGRESS,  1915. 

Announcement 

In  connection  with  the  Panama-Pacific  International  EzpoBition  which 
will  be  held  in  San  Francisco  in  1915,  there  will  be  an  International  En- 
gineering Congress,  in  which  engineers  throughout  the  world  will  be  in- 
vited to  participate. 

The  Congress  is  to  be  conducted  under  the  auspices  of  the  following  five 
National  Engineering  Societies:  American  Society  of  Civil  Engineers^ 
American  Institute  of  Mining  Engineers,  The  American  Society  of  Me- 
chanical Engineers,  American  Institute  of  Electrical  Engineers,  and  The 
Society  of  Naval  Architects  and  Marine  Engineers. 

These  societies,  acting  in  co-operation,  nave  appointed  a  permanent 
Committee  of  Management,  consisting  of  the  Presidents  and  Secretaries  of 
each  of  these  Societies,  and  eighteen  members  resident  in  San  Francisco^ 

Thus  constituted,  the  personnel  of  the  Committee  is  as  follows : 

Representing  (he  American  Society  of  OivU  Engineers. 

George  F.  Swain,  President. 
Charles  Warren  Hunt,  Secretary, 

Arthur  L.  Adams,  Charles  Derleth,  Jr., 

W.  A.  Cattell,  Charles  D.  Marx. 

Representing  the  American  Institute  of  Mining  Engineers. 

Charles  F.  Band,  President 
Bradley  Stoughton,  Secretary. 

H.  F.  Bain,  Newton  Cleaveland, 

Edward  H.  Benjamin,  William  S.  Noyes. 

Representing  the  American  Society  of  Mechanical  Engineers. 

W.  F.  M.  G088,  President. 
Calvin  W.  Bice,  Secretary. 

W.  F.  Durand,  T.  W.  Bansom, 

B.  S.  Moore,  C.  B.  Weymouth. 

Representing  the  American  InstiitUe  of  Electrical  Engineers. 

^         Balph  Davenport  Merahon,  President. 
F.  L.  Hutchinson,  Secretary. 

J.  F.  De  Bemer,  A.  M.  Hunt. 

Representing  the  Society  of  Naval  Architects  arid  Marine  Engineers. 

Bobert  M.  Thompson,  President. 

D.  H.  Cox,  Secretary. 
George  W.  Dickie,  William  B.  Eckart, 

W.  G.  Dodd,  H.  P.  Frear. 

The  Committee  has  effected  a  permanent  organization,  with  Prof.  Wil- 
liam  F.  Durand  as  Chairman,  and  W.  A.  Cattell  as  Secretary-Treasurer, 
and  has  established  executive  oflSces  in  the  Foxcroft  Buildmg,  68  Post 
Street,  San  Francisco. 

The  ten  members  of  the  Committee,  consisting  of  the  Presidents  and 
Secretaries  of  the  five  national  societies,  will  constitute  a  Committee  on 
Participation,  through  whom  all  invitations  to  participate  in  the  Congress 
will  be  issued  to  governments,  engineering  societies,  and  individuals. 

The  personnel  of  this  Committee  is  as  follows : 
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OommiiUe  an  ParticipaHfm, 

CharlM  F.  Rand,  Chairman, 
Charles  Warren  Hunt,  SeonUuy, 

D.  H.  Cox,  Calvin  W.  Rice, 

W.  F.  M.  Goes,  Bradley  Stoughton, 

F.  L.  Hutchinson,  George  F.  Swain, 
Ralph  Davenport  Mershon,  Robert  M.  Thompson. 

The  actual  management  of  the  Congress  and  the  work  of  securing  and 
publishing  papers  will  be  in  charge  of  the  members  of  the  Committee 
resident  in  San  Francisco.  The  work  of  the  Resident  Members  has  been 
assigned  to  different  sub-committees  and  Chairman  Durand  has  made  the 
following  appointments : 

EzteuJtive  OommUiee, 

W.  F.  Durand,  Chairmany  Ex  officio, 
W.  A.  Cattell,  Seeretaryy  Ex  officio. 

£.  H.  Benjamin,  W.  G.  Dodd,  A.  M.  Hunt. 

^fiance  OommiiUe, 

W.  G.  Dodd,  Chainnan, 
Newton  Cleaveland,  R.  S.  Moore. 

Papers  CommitUe, 

A.  M.  Hunt,  Cfiaimian, 

A.  L.  Adams,  W.  R.  Eckart, 

H.  F.  Bain.  C.  D.  Marx, 

G.  W.  Dickie,  C.  R.  Weymouth. 

PtLblieity  Committee. 

W.  A.  Cattell,  Chairman. 
C.  Derleth,  Jr.,  W.  8.  Noyes,  T.  W.  Ransom. 

Local  Affiiira  Committee. 
£.  H.  Benjamin,  Chairmcm, 
J.  G.  De  Remer,  H.  P.  Frear. 

The  Honorary  Officers  of  the  Congress  will  consist  of  a  President  and  a 
number  of  Vice-Presidents  selected  from  among  the  most  distinguished 
engineers  of  this  and  foreign  countries. 

The  papers  presented  at  the  Congress  will  naturally  be  divided  into 
groups  or  sections.  During  the  Congress  each  section  will  hold  indepen- 
dent sessions,  which  will  be  presided  over  by  a  chairman  eminent  in  the 
branches  of  engineering  covered  by  his  section. 

The  scope  of  the  Congress  has  not  as  yet  been  definitely  determined,  but 
it  is  hoped  to  make  it  widely  representative  of  the  best  engineering  prac- 
tice throughout  the  world,  and  it  is  intended  that  the  papers,  discussions 
and  proceedings  shall  constitute  an  adequate  review  of  the  progress  made 
during  the  past  decade  and  an  authoritative  presentation  of  the  latest  de- 
velopments and  most  approved  practices  in  tiie  various  branches  of  engi- 
neering work. 

The  papers,  which  will  be  collected  and  published  by  the  Congress, 
should  form  an  invaluable  engineering  library,  and  it  is  intended  that  this 
publication  shall  be  in  such  form  and  at  such  cost  as  to  become  available 
to  the  greatest  possible  number. 

The  various  committees  are  now  actively  at  work,  and  it  is  hoped  that 
further  and  more  definite  announcements  as  to  the  membersnip  fees, 
schedules  of  papers,  etc.,  can  be  made  in  the  very  near  future. 
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AFFILIATED  STUDENT  SOCIETIES. 

Any  society  of  undergraduates  at  a  technical  school,  comprising  students 
in  any  branch  of  engineering,  metallurgy,  chemistry,  geology,  etc.,  may  be 
recognized  by  the  Board  of  Directors  in  its  discretion  as  an  Affiliated  Stu- 
dent Society.  A  circular  giving  details  of  the  plan  of  affiliation  may  be 
obtained  on  application  to  the  office  of  the  Secretary  of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list : 

Affiuated  Student  Societies. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  Univeraitj,  New  Haven, 
Conn.     PreddeTit,  Francis  S.  Winslow ;  Secretary ^  Roger  W.  Newberry. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
neers, Champaign,  III.     President^  M.  L.  Nebel ;  Secreiary,  Willis  Leriche. 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  PretideiU^  P.  E. 
Baymond ;  Secretaryy  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  President,  Budolph  J.  StengI; 
Secretary f  Mack  C.  Lake. 

The  Mining  and  Geological  Society  of  Lehigh  University,  South  Bethlehem,  Pa. 
PregiderUy  Romrt  C.  Mickel ;  Seeretaryf  Edward  B.  Snyder. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis,  Minn. 
Presidenty  C.  A.  Walker ;  Secretaryy  A.  C.  Bierman. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology.  iVem- 
dcTity  Balph  E.  Wells»  Jr.  ;  Secretaryy  Louis  W.  Currier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Engineers  of  the 
University  of  Kansas,  Lawrence,  Kan.  Preiideniy  Walter  E.  Bohrer ;  SwreUx/ryy  H.  B. 
Brown. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  PreMeniy  Hallard 
W.  Foester ;  Secretaryy  Walter  P.  Scott. 

The  State  Colle^  of  Washington  Mining  and  Geological  Society,  Pullman,  Wash. 
Presidenty  J.  V.  Quigley ;  Secretary,  S.  A.  Swanson. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas,  Austin,  Tex.  JVest- 
denty  G.  C.  Cartwright ;  Secretaryy  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
neers, Columbus,  Ohio.     PresidcrUy  Hugh  B.  Lee ;  Secretaryy  E.  P.  Elliott. 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  Preaideniy  B.  E. 
Panons;  Secretaryy  R  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  Prendenty  Boger 
L.  Strobel ;  Secretary,  Clark  G.  Mitchell. 

Mining  Association  of  the  University  of  California,  Berkeley,  Cal.  PrenderUy  D.  M. 
Drumheller,  Jr.  ;  Secretary,  J.  B.  Orynski. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  Presidenty  P.  G.  Savage ;  Secre- 
tary, W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President,  Oliver  P.  Searing  ; 
Secretary,  Albert  B.  Sherman. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State  College, 
Ames,  Iowa.     President,  Lyle  A.  Butler  ;  Secretaryy  A.  J.  Crawford. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  BoUa,  Mo.  Presidentj 
L.  S.  Copelin ;  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
Presidenty  M.  T.  Whelan  ;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President,  Alan  Kissock  ; 
Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  President,  J. 
Gary  Lindley ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  College  of  Mines  and  Metallurgy,  University  of  Kentucky, 
Lexington,  Ky.     President,  Oliver  W.  Smith  ;  Secretary,  Charles  E.  Straub. 

Mining  Society  of  Pennsylvania  State  College,  State  College,  Pa.  President,  Balph  E. 
Kirk ;  Secretary,  Willard  M.  Lindsey. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cutter,  Librarian. 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to  9  p.m. 
on  all  week-days,  except  holidays,  from  September  1  to  June  30,  and  from 
9  A.M.  to  6  P.M.  during  July  and  August.  The  Library  contains  about 
55,000  volumes,  including  sets  of  technical  periodicals  and  the  publica- 
tions of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a  por- 
tion of  their  time  in  localities  isolated  from  sources  of  information.  To 
these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects ;  to  determine  the  existence  of  mining-maps,  and  to 
famish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for  such 
collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining-reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 


LIBRARY   RESEARCH-WORK. 

During  the  year  1912  there  were  160  searches  made  for  members  and 
non-members  of  the  Founder  Societies,  and  copies  of  the  references  have 
been  preserved  for  the  use  of  others.  This  work  has  been  largely  based 
on  requests  sent  in  by  mail,  from  Japan,  South  Africa,  South  America, 
Mexico,  Canada,  and  England,  as  well  as  from  different  parts  of  the  United 
States.  The  library  receives  670  technical  periodicals  which  are  available 
through  the  indexes  for  this  special  purpose. 


xii  Monthly  Bulletin,  No.  81,  Sbptbmber,  1918. 


Library  Accessions. 

July  1  to  Aug.  15,  191§. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of  Mechani** 
cal  Engineers  and  the  American  Institute  of  Electrical  En^neers  can  be  obtained  on 
application  to  the  Secretary  of  the  American  Institute  of  Minmg  Engineers.] 

Abriss  DER  Erzlaqerstattenkunde.     fiy  a.  Bergeat.    Jena,  1913.     (Purchase.) 

Amalgamated  Societt  of  Engineers.  Annual  Report,  62d,  1912.  London,  1912. 
(Gift  of  Amalgamated  Society  of  Engineers. ) 

American  Electrochemical  Society.  Transactions,  vol.  XXIII.  South  Bethlehem, 
1913.     (Exchange.) 

American  Foundrymen's  Association.  Constitution  and  Membership  List  Watchung, 
1913.     (Exchange.) 

American  Institute  of  Chemical  Engineers.  Transactions,  vol.  V.,  1912.  New 
York,  1913.     (Exchange.) 

American  Mining  Congress.  Report  of  Proceedings,  15th  Annual  Session,  1912.  Den- 
ver, 1913.     (Exchange.) 

Analysis  of  Black  Powder  and  Dynamite.  (Bulletin  No.  51,  U.  S.  Bureau  of  Mines. 
Washington,  1913.     (Exchange.) 

AsociAciON  DE  Ingenieros  y  Arquitectos  de  Mexico.  Anales,  tomo  XX.  Mexico^ 
1913. 

Lists  de  los  Socios  que  Formaban  parte  de  dicha  asociacion  en  1  de  Enero  de  1913. 

Mexico,  1913.     (Exchange.) 

Ajbsociation  des  Inq^snieurs  Sortis  de  L'Ecole  de  LitoB.  Liste  dee  Membres,  1913. 
Lidge,  1913.     (Exchange.) 

BeITRAGE  ZUR  IdENTIFIZIERUNG  UND  KeNNTNIS  DER  KoHLENWASSERSTOFFE  DBS  Erd(}l8. 

By  Jen0  Tausz.     Borna- Leipzig,  1912.     (Purchase.) 

BijDRAGE  TOT  DE  Kbnnis  DER  Katalyse.  By  H.  J.  Prius.  N.  p.,  1912.  (Gift  of 
Technische  Hoogeschoo    te  Delft ) 

British  Columbia.     Minister  of  Mines.     Annual  Report,  1912.     Victoria,  1913. 

Map  of  British  Columbia.    1913.     (Gift  of  British  Columbia  Minister  of  Mines. ) 

California  Miners'  Association.  Proceedings  of  16th  Annual  Convention.  San 
Francisco,  1912.     (Gift  of  Association. ) 

Canada.  (Quebec).  Department  of  Colonization,  Mines  and  Fisheries.  Ex- 
tracts from  reports  on  the  district  of  Ungava.     Quebec,  1913.     (Exchange. ) 

Canadian  Society  of  Civil  Engineers.  Charter,  By-Laws  and  List  of  Members,  1913. 
Montreal,  1913.     (Exchange.) 

Carnegie  Library  of  Pittsburg.  Annual  Report,  17th,  1913.  Pittsburg,  1913.  (Ex- 
change. ) 

Carnegie  Museum  of  Pittsburg.  Annual  Beport  of  the  Director,  1913.  Pittsburg, 
1913.     (Gift  of  Museum.) 

Coal  Dost  Explosion  Tests  in  the  Experimental  Mine,  First  Series.  (Bulletin 
56,  U.  S.  Bureau  of  Mines.     Washington,  1913.     (Exchange.) 

CoNGRESo  Cientifico  (1°  Pan  Americano).  Derecho  Intemacional  constitucional 
e  Historia.    ( Volumen  XX.)    Santiago  de  Chile,  1912.    (Gift  of  Congreso  Cientifico.) 

Connecticut.  Geological  and  Natural  HIstory  Survey.  Biennial  Report,  4th, 
5th.     (Bulletin  Nos.  17,  21.)    Hartford,  1910,  1912.     (Exchange.) 

Contributions  to  the  Study  or  the  Geology  and  Orb  Deposits  of  Kalgoorlie, 
East  Coolgardie  Goldfield.  Part  I.  Bulletin  No.  42,  Western  Australia  Geo- 
logical Survey.     Perth,  1912.     (Exchange.) 

Dartmouth  College.  Charter,  Historical  Sketch  and  Views  of  College  Buildings. 
Hanover,  1912. 

Catalogue,  1912-13.     Hanover,  1912.     (Exchange.) 

Electric  Furnaces  in  the  Iron  and  Steel  Industry.  By  W.  Kodenhauser  and  I. 
Schoenawa.     New  York,  1913.     (Purchase. ) 
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Elbctbolttic  Method  of  Paevettiko  Corrosion  of  Iron  and  Steel.     (Technical 
Fkper  15. )    WashiDgton,  19 13.     (Ezchange. ) 

GsoLoorcAL  History  of  the  Yellowstone  National  Pare.  Washington,  1912.    (Qift 
of  U.  S.  Dept.  of  Interior. ) 

GuLOGT  AND  Ore  Deposits  ofteePhilipsboro  Qqadranqle,  Montana.      (Profes- 
lional  Paper  No.  78,  U.  S.  (Geological  Survey. )     Washington,  1913.     (Purchase.) 

Gboloot  of  the  Gold  Belt  in  the  Javbs  River  Ba'^in,  Viroinia.  (Bulletin  No. 
VIL ,  Virginia  Geological  Snrvej. )     Charlottesville,  191 2.     ( Exchange. ) 

GsoRorA.    Geological  Survey.    Bulletin  No.  20.     Atlanta,  1913.     (Exchange.) 

OnsEBS.     Wsshington,  1912.     (Gift  of  U.  S.  Dept.  of  Interior.) 

He4Vt  Oil  AS  Fuel  FOR  Internal  Combustion  Engines  (Technical  Paper  No.  37, 
U.  &  Bureau  of  Mines.    Washington,  1913.     (Exchange.) 

Het  SociALE  ARBBioeooNTRACTr.  By  J.  Van  HettiDga  Tronip.  Amsterdam,  1913.  (Gift 
of  Technische  Hoogeschool  te  Delft.) 

HOSKUZXRVERBINDINGEN  IN  HEX   BiJZONDER    DIE    DER   LaNGS-AAN   DwABSDRAGEBS  IN 

fisnoGEN.     By  J.  H.  A.  Haarman.     N.  p.,  n.  d.     (Gift  of  Tec'inische  Ho'>ge8chool 

te  Delft. ) 
Ikdia.    Geological  Survey.     Memoirs,  vol.  X LI.     Calcutta,  1913.     (Exchange.) 
Institute  OF    Metals.     Journal,  vol.  IX.     London,  1913.     (Exchange.) 
Ibox  and  Steel  Institute.     Carnegie  Scholarship  Memoirs,  vol.  V.     London,  1913. 

(Exchange.) 
Jahbsb-Bericht  ubbr  die  Leistungbn  der  Chbbciscren  Technologie  fur  das  Jahr, 

1912.     r Abteilung  :  anorganischer  Teil.     Leipzig,  1913.     (Purchase.) 

Kansas  Engineering  Society.  Transactions,  1912.  N.  p.,  1912.  (Gift  of  Kansas 
^gineering  Society. ) 

EGmoLTCH  pREUssiscHEN  Gbologibchbn  Landebanstalt  zu  Berlin.   Jahrbuch,  vol. 

XXX.,  pt.  IL,  1909  ;  XXIIL,  Teil  L,  pts.  1-2,  1912.     Berlin.  1912.     (Exchange.) 
Kotukuk-Chandalar  Region,  Alaska.     (Bulletin  No.  532,  U.  S.  Geological  Survey.) 

Washington,  1913.     (Etchange.) 

Liquid  Steel,  Its  Manufacture  and  Cost.  By  David  Carnegie  and  S.  C.  Gladwyn.  New 
York,  1913.     (Purchase.) 

Metal  Statics,  1913.    Sixth  annual  edition.     New  York,  1913.     (Gift  of  American 

Metal  Market  Co.) 
Metallb4nk  und  Metallurgische  Gebellschaft.     Statistische  Zosammenstellungen 

uber  Blei,  Kupfer,  Zink,  Zinn,  Aluminium,  Nickel,  19Jahrgang,  1903-1912.  Frank- 
furt am  Main,  1913.     (Gift  of  MeUllgesellschaft. ) 
Michigan  College  of  Mines.     Year  Book,  1912-13.     Houghton,  1913.     (Exchange.) 
National  Park  Conference.     Proceedings,   Sept  11-12,  1911.     Washington,  1912. 

(Gift  of  U.  8.  Dept.  of  Interior.) 
Natural  Gas  Service.    By  8.  S.  Wyer.    Columbus,  1913.     (Gift  of  Author.) 
New  South  Wales.     Department  of  Mines.     Annual  Beport,  1912.      Sydney,  1913. 

(Exchange.) 

Mineral  Resources,  No.  17.     Sydney,  1913.     (Exchange.) 

Niw  Zealand  Institute.    Transactions  and  Proceedings,  vol.  XLV.    Wellington,  1913. 

(Exchange. ) 
Nickel  Industry,  with  special  reference  to  the  Sudbury  Region,  Ontario.     By  A.  P. 

Coleman.     Ottawa,  1913.     (Exchange.) 

North  Carolina.    Geological  and  Economic  Survey.     Report,  vol.  III.     Raleigh, 

1912.     (Exchange.) 
Oklahoma  Grological  Survey.    Circular  Nos.  4,  5.     Norman,  1913.     (Exchange.) 

OVEB  BENIGE  FACTOREN,  DIE  DE  ONTWIKKELING  VAN  PeNICILLIUM  GLAUCUM  BEINVI.OE- 

DBN.     By  H.  I.  Waterman.  N.  p.,  1913.    (Gift  of  Technische  Hoogeschool  te  Delft.) 

OVSRHEIDSBEMOEIINGEN  MET  StEDEBOUW  TOT  AAN  DEN  VrEDE  VAN  MUNSTER.      By  W. 

B.  Peteri.     N.  p.,  1913.     (Gift  of  Technische  Hoogeschool  te  Delft.) 

Report  on  thr  Cobar  Copper  and  Gold  Field.  Part  I.,  with  maps.  (New  South 
Wales.  Department  of  Mines.  Mineral  Resources,  No.  17.)  Sydney,  1913.  (Ex- 
change. ) 

Bhodesia  Chamber  OF  MiNSB.  (Annual  Report,  18th,  1912.  Bulawayo,  1913.  (Ex- 
change.) 
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Rock  Asphalts  of  Oklahoma  and  Theib  Use  in  Paving.  (CircalarNo.  5,  Okla- 
homa Geological  Survey.     Norman,  1913.     (Exchange.) 

BoTAL  Institute  of  British  Architects.  Report  of  the  Council,  1912,  list  of  donors 
and  annual  subscribers.  Architects  Benevolent  Society.     London,  1913.    Exchange.) 

Safety  Electric  Switches  for  Mines.  (Technical  Paper  No.  44,  U.  S.  Bureau  of 
Mines.)    Washington,  1913.    (Exchange.) 

Sketch  of  Yosemite  National  Park,  and  an  account  of  the  origin  of  the  Yosemite  and 
Hetch  Hetchy  valleys.     Washington,  1912.     (Gift  of  U.  S.  Dept.  of  Interior. ) 

Snelheidsmbtingen  bij  de  reaotie  van  Friedel  en  Crafts.  By  S.  C.  J.  Olivier. 
N.  p.,  n.  d.     (Gift  of  Technische  Hoogeschool  te  Delft. ) 

SociETi:  L'Industrie  Min^rale.  Annuaire,  1913-14.  Saint-Etienne,  1912.  (Ex- 
change. ) 

Some  Lakes  of  Glacier  National  Park.  Washington,  1912.  (Gift  of  U.  S.  Dept.  of 
Interior. ) 

Standard  Mining  Co.     Eleport  on  the  Properties  of.    ArizoDa,  1913.     (Gift  of  Kirby 

Thomas. ) 
Surveyors'  Institution.    List  of  Members,  1913.     Westminster,  1913.     (Exchange.) 

Sydney  Coal  Fields,  Cape  Breton.    Sections  of  the.    By  J.  G.  S.  Hudson.     Ottawa, 

1913.    (Exchange.) 
Tasmania.    Department  of  Mines.    Geological  Survey  Bulletin  No.  13.    Tasmania, 

1913.     (Gift  of  Department  of  Mines. ) 

TeKTONISCHE    UND  StRATIQRAPHIBCHE   BeOBACHTUNOEN   am  St^DWISTBANDE  DES  LiM- 

BCROI8CHEN  EoHLENREviERS.     By  W.  C.  Klein.    N.  p.,  1913.    (Gift  of  Technische 

Hoogeschool  to  Delft. ) 
U,  S.  Bureau  of  Mines.    Bulletin  Nos.  51,  54,  56.     Washington,  1913.     (Exchange.) 

Technical  Paper  Nos.  15,  37,  44,  49.     Washington,  1913.     (Exchange.) 

U.  S.  Commissioner  of  Corporations.    Report  on  the  Steel  Industry.     Part  HI.,  Cost 

of  Production.     Washington,  1913.     (Gift  of  Department  of  Commerce.) 
U.  S.  Geological  Survey.     Bulletin  Nos.  532,  534.     Washington,  1913.     (Exchange. ) 

Professional  Paper  No.  78.    Washington,  1913.     (Exchange.) 

Water  Supply  Paper  No.  318.     Washington,  1913.     (Exchange. ) 

U.  S.  National  Museum.     Bulletin  No.  81.    Wa^ington,  1913.     (Exchange.) 

U.  S.  Ordnance  Department.    Report  of  the  Tests  of  Metals,  1912.  Washington.  1913. 

Index  to  the  Reports  of  the  Tests  of  Metals,  1881-1912.    Washington,  1913.    (Ex- 
change. ) 
La  Vie  Internationale.    Tome  III.,  fascicule  II,  1913.    Bruxelles,  n.  d.     (Gift) 
Virginia  Geological  Survey.     Bulletin  No.  VII.    Charlottesville,  1913.   (Exchange.) 

Water  Resources  of  Hawaii,  1909-1911.  (Water  Supply  Paper  No.  318,  U.  S.  Geo- 
logical Survey.     Washington,  1913.     (Exchange.) 

Western  Australia.  Geological  Survey.  Bulletin  No.  42.  Perth,  1912.  (Ex- 
change. ) 

Yentna  District,  Alaska.  (Bulletin  No.  534,  U.  S.  Geological  Survey.  Washington, 
1913.     (Exchange.) 

Yukonite,  a  new  hydrous  arsenate  of  iron  and  calcium,  from  Tagish  Lake,  Yukon  Terri- 
tory, Canada ;  with  a  note  on  the  associated  symplesite.  By  J.  B.  Tyrrell.  Ottawa* 
1913.     (Gift  of  Author. ) 

Gift  of  Hill  Publishing  Co. 

Alaska  Gold  Mines  Co.    Annual  Report,  Ist,  1912. 

Anaconda  Copper  Mining  Co.    Report  for  the  year  ending  Dec.  31,  1912. 

Bergius,  Friedrich.  Die  Anwendung  hoher  Brucke  bei  chemischen  Vorgangen  und 
eine  Nachbildung  des  Entstehungsprozeases  der  Steinkohle.     Halle,  1913. 

Granby  Consolidated  Mining,  Smelting  and  Power  Co.,  Ltd.    Report,  1912. 

Lecomte- Denis,  M.     Comment  on  Cr^  une  Mine.     £d.  10.     Paris,  n.  d. 

Margosches,  B.  M.     Die  Chemische  Analyse.     Band  XIV-XV.    Stuttgart,  1912. 

Mason  Valley  Mines  Co.     Annual  Report,  3d,  1912. 

Mining  Journal  (Russian).    Jan.-March,  1913. 

Modderfontein  Deep  Levels,  Ltd.     Annual  Report,  13th,  1912. 
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MouHT  Morgan  Gold  Mining  Co.,  Ltd.     Directore'  Kepoit  to  the  Shareholders,  for 
half  year  ended  Nov.  20,  1912. 

QvnrcT  Mining  Co.     Report,  1912. 

SuME  Filtration  and  Ctaniding.     London,  n.  d. 

SnwART  Mining  Co.     Report  on  operations  of,  in  the  Coear  D*  AUnes,  June-Dec.,  1912. 

Tonopah  Bxlmont  Dkvelopmxnt  Co.    Annual  Report,  10th,  1913. 

Utah  Copper  Co.     Annual  Report,  8th,  1912. 

Quarterly  Report,  20th,  1913. 

r.  8.  Education  Commissioner.    Report,  vols.  I-II,  1912.     Washington,  1913. 

ViS  Ryn  Gold  Minks  Estate,  Ltd.     Directors'  Report,  1912. 

Vereiniote  KOnigb-  und  Laurahutte  Aktisn-Gbbellscahft  FttR  Berobau  u.  HtJT- 
tbnbetrieb.     Bericht  uber  das  Geschaftsjahr,  1909-10. 

Trade  Cataix)qusb. 

Baser,  J.  T.,  Chemical  Co.    Phillipsburg,  N.  J.     Price  list  of  Baker's  analyzed  chemi- 
cals, June,  1913. 

BrcKETE  Engine  Co.,  Salem,  Ohio.     Bulletin  No.  10-B.    Buckeye-mobile,  July,  1913. 

Ing&bsoll-Rand  Co.,  New  York,  N.  Y.     Catalogue  of  Products,  June,  1913. 

LICHEN,  A.  &  Sons  Rope  Co.,  St.  Louis,  Mo.     Leschen's  Hercules,  July,  Aug.,  1913. 

Webster  Mpg.  Co.,  Tiffin,  O.    Webster  method,  July,  1913. 

United  Engineering  Society  Library. 

Association  of  Iron  and  Steel  Electrical  Engineers  Convention.    Structural 
steel  poles  and  towen.     By  R.  Fleming.     N.  p.,  n.  d.     (Gift  of  Author. ) 

Cambria  Steel.     Handbook  of  Information  relating  to  Structural  Steel  Manufactured  by 
the  Cambria  Steel  Co.    Johnstown,  1912.     (Gift  of  Cambria  Steel  Co. ) 

Chronology  of  Aviation.    By  Hudson  Maxim  and  W.  J.  Hammer.     (Reprinted  from 
World  Almanac  for  191 1. )     (Gift  of  W.  J.  Hammer. ) 

Columbia  Univebsitt.     Catalogue  of  Officers  and  Graduates  from  1764-1912.     New 
York,  1912.     (Gift  of  Columbia  Uniyersity. ) 

Efficienct  Socibty.    Transactions,  vol.  L,  1912.    New  York,  1918.     (Gift  of  Efficiency 
Society. ) 

International  Acsttlenb  Association.     Report  of  Annual  dJonvention,  14th,  15th. 
Chicago,  1911-12.     (Gift  of  Association. ) 

Moody's  Manual  of  Railroads  and  Corporation  Securities.      Vol.   II.,  1913. 
New  York,  1913.     (Purchase. ) 

Patents.     Jahres-Eatalog  XXIV.,  Jahrgang,  1912.     Brugg,  1913.     (Purchase.) 

(Queens  Borough  Public  Library.     Report  of  the  Chief  Librarian  for  the  year  ending 
Dec.  31,  1912.    New  York,  1912.     (Gift  of  Queens  Borough  Public  Library. ) 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  months  of  July  and  August,  1913 : 

Members. 

Aldebson,  VigtobC,  Prest.  of  Colorado  Schopl  of  Mines GoIdeD,  Colo. 

Allen,  Joseph  W.,  Secy.  &  Treas.  International  S.  <&  B.  Co., 

42  Broadway,  New  York,  N.  Y. 
Ammonj  Bobebt,  Chief  Sampler  B.  &  M.  Reduction  Wks.,  Anaconda  Copper  Min.  Co., 

GreaX  Falls,  Mont. 

Babbeb,  Raymond  J.,  Min.  Engr 234  Newbury  St.,  Boston,  Mass. 

Babdwell,  Eabl  8.,  Genl.  Concenrator  Foreman  Boston  <&  Mont.  Reduction  Plant, 

Great  Falls,  Mont. 

Babkeb,  Piebce,  Met.,  Anaconda  Copper  Min.  Co P.  O.  Box  361,  Anaconda,  Mont 

Batchbllob,  Stillman,  Min.  Engr la  San  Augustin  No.  12,  Mexico  City,  Mexico. 

Beaton,  Nobman  H.,  Min.  Engr 305  Chamber  of  Commerce,  Denver,  Colo. 

Beddall,  Thomas  H.,  Min.  Engr. P.  O.  Box  163,  Irwin,  Pa. 

Beebs,  Albebt  D.,  Ore  Dept.  New  Jersey  Zinc  Co 55  Wall  St.,  New  York,  N.  Y. 

BENi>EB,  Louis  V.,  Asst.  Gen*l  Supt Washoe  Reduction  Wks.,  Anaconda,  Mont. 

Bebbian,  Chauncby  L.,  Supt.  Mountain  View  Mine Butte,  Mont. 

BiasELL,  Robebt  W.,  Min.  Engr 435  W.  119th  St.,  New  York,  N.  Y. 

Bbownbon,  Edgab  E.,  Chief  Chemist  B.  &  M.  Smelter Great  Falls,  Mont. 

BuFOBD,  Joseph  S.,  Jb.,  Gold  &  Silver  Assayer 23  Pine  St.,  New  York,  N.  Y. 

Oapleb,  Rossell  B.,  Jb.,  Chem. Anaconda  Club,  Anaconda,  Mont 

Cabnahan,  Thomas  S.,  Min.  Engr Bingham  Canyon,  Utah. 

Ohancellob,  William C,  Met.,  McCon way's  ATorley Co.,  48th  St  and  A.  V.  R.  R., 

Pittsburg,  Pa. 

Clabk,  Henby,  Engr 84  Moss  St,  Victoria,  B.  C,  Canada. 

Clabke,  Simeon  S.,  Min.  Engr St  Joseph  Lead  Co.,  Leadwood,  Mo. 

CooPEB,  John  Henby,  Min.  Engr 2H21  S.  Flower  St,  Los  Angeles,  Cal. 

CoBSA,  Dean,  Min.  Engr.,  Vice-Prest  &  Gen'lMgr.  Wytheville  Iron  Co.,  Wvtheville,  Va. 

CoBWiN,  Fbank  R.,  Smelter  Foreman 900  5th  Avenue,  N.,  Great  Falls,  Mont 

Cbowpoot,  Abthub,  Asst  Gen'l  J^melter  Foreman 26  Smelter  Hill,  Great  Falls,  Mont 

DiETBiCH,  Waldemab  F,  Min.  Engr 608  Kingsley  St,  Palo  Alto,  Cal. 

Fahbenwald,  Fbank  A.,  Min.  Engr Rapid  City,  S.  D. 

Febles,  John  C,  Chemist P.  O.  Box  105,  Butte,  Mont 

Fobbes,  Cabboll  R.,  Prof,  of  Min School  of  Mining  and  Met,  Rolla,  Mo. 

Fobbes,  William  A.,  Met Room  1605,  71  Broadway,  New  York,  N.  Y. 

Foss,  Theodobe,  Min.  and  Met  Engr Manejnii  Pereoulok  16,  St  Petersburg,  Russia. 

Fbigk,  Fbedebiok  F.,  Testing  Engr P.  O.  Box  294,  Anaconda,  Mont 

Gates,  Abthub  O.,  Instructor Purdue  University,  1017  State  St,  La  Fayette,  Ind. 

GiDEL,  MublH.,  Geol 1120  W.  Galena  St,  Butte,  Mont 

GiTTiNS,  Abthur  W.,  Asst.  Supt  of  Blast  Furnace 606  Braddock  Ave-,  Pittsburg,  Pa. 

Gbimes,  John  A.,  Geol Leonard  Hotel,  Butte,  Mont 

Haioht,  Clabenge  M.,  Min.  Engr Franklin  Furnace,  N.  J. 

Hay  DEN,  Ralph,  Asst  Supt.  of  Concentrator,  Washoe  Reduction  Wks.,  Anaconda,  Mont 
Hebqen,  Max,  Vice-Prest  and  Genl.  Mgr.,  Mountain  Power  Co., 

500  W.  Broadway, Butte,  Mont. 

Henby,  Philip  W.,  Cons.  Engr 25  Broad  St,  New  York,  N.  Y. 

Hilton,  Howabd  J.,  Min.  Engr Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

HoDOKiNB,  Abthub  E.,  Mining  Iron  Ore Port  Henry,  N.  Y. 

Johnston,  Chables  W.,  Min.  Engr 515  N.  Emmet  Ave.,  Butte,  Mont 

Jones,  Llewellyn  W.,  Works  Mgr.,  Taylor- Wharton  Iron  &  Steel  Co., 

High  Bridge,  N.  J. 

Leach,  Robebt  H.,  Min.  Engr 58  Main  St,  Brockton,  Mass. 

MoGeb,  Geobge  F.,  Min.  Mgr * Helena,  Mont 

Mitchell,  Thomas  E.,  Asst  Genl.  Supt.  of  Mines,  Anaconda  Copper  Mining  Co. 

Sutte,  Mont 

Moffat,  David  D Supt  of  Magna  Plant  Utah  Copper  Co.,  Garfield!,  Utah. 

Mubphy,  James  E.,  Met Anaconda,  Mont. 

ONeil,  Fbedebice  W.,  Mgr.  of  Sales,  Nordberg  Mfg.  Co.,  285  Lyon  St, 

Milwaukee,  Wis. 
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Paos,  Wlluam  K.,  Met.  Engr Boom  1711,  165  Broadway,  Naw  York,  N.  Y. 

Perbt,  Harold  B.,  Inatractor 296  Norfolk  8t,  Dorchester,  Man. 

Kay,  Horatio  C .School  of  Mines,  University  of  Pittsburg,  Pittsburg,  Pa. 

BLsqux,  Jameb  B.,  Mgr Tenn.  Copper  Co.,  Copperhill,  Tenn. 

Boot,  John  A.,  Cbem P.  O.  Box  443,  Anaconda,  Mont. 

Boss,  LoTTiB,  Cons.  Engr 79  Milk  St,  Boston,  Mass. 

Simons,  Thbodore,  Prof.  Min.  Engineering,  Montana  State  School  of  Mines,  Butte,  Mont. 

Stkikmbbch,  Je88B  H.,  Asst.  Supt Desloge  Cons.  Lead  Co.,  Desloge,  Mo. 

Stutz,  Ernist,  Patent  Sales  Agent 437  Fifth  Ave.,  New  York,  N.  Y. 

Thomab,  George  S.,  Asst.  in  Testing  Dept,  Washoe  Smelter,  Box  364,  Anaconda,  Mont. 

Thompson,  Arthur  P.,  Geol 526  HennessyBIdg.,  Butte,  Mont. 

Thompson,  J.  Frank,  Asst.  Supt St.  Louis  S.  &  K.  (Jo.,  St  Francois,  Mo. 

Tremoitbbaux,  Boy  E.,  Asst  Supt North  Star  Mines,  Nevada  City,  Cal. 

Van  Ells,  Henrt  T.,  Statistician Boom  2150,  42  Broadway,  New  York,  N.  Y. 

Vaxtohan,  Francis  E.,  Min.  Engr. Copper  Queen  Cons.  Mining  Co.,  Bisbee,  Ariz. 

Watt,  Arthur  P.,  Supt  of  Concentrator,  Balbach  Smelting  &  Befining  Co.. 

580  Market  St,  Newark,  N.  J. 

Wander,  Ernest,  Met Missouri  Iron  Co.,  Waukon,  Iowa. 

Ward,  Harrt  J.,  Vi^Prest.  and  Supt....  Ward-Dickey  Steel  Co.,  Indiana  Harbor,  Lid. 

Wellb,  Pearson,  Efficiency  Engr Newport  Mining  Co.,  Ironwood,  Mich. 

Webtervelt,  Edward  W.,  Min.  Engr Bay,  Ariz. 

White,  Israel  C,  Geol Morgantown,  W.  Va. 

Wicks,  Frank  B.,  Mill  Supt.,  Butte  &  Superior  Copper  Co.,  P.  O.  Box  1425^utte,  Mont 

WiTHERBEE,  SiLAS  H.,  Mining Port  Henry,  N.  Y. 

WoHLRAB,  Alots  H.,  Min.  Engr Isle  Boyal  Copper  Co.,  Houghton,  Mich. 

WooDHOusSy  C^arlebC,  Jr.,  Min.  Engr.,  Met Bepublic,  Wash. 

Wyman,  George  H.,  Jr.,  Min.  Engr ^ Wallace,  Idaho. 

YouNO,  William  A.,  Min.  Engr Lewistown,  Mont 

Zentnsr,  Arthur  A.,  Met  and  Chem P.  O.  Box  65,  Anaconda,  Mont 

Associates. 

BoLGiANO,  J.  Balph,  Sales  Engr.,  Taylor-Wharton  Iron  &  Steel  Co., 

105  W.  Monroe  St.,  Chicago,  111. 
Botlb,  Clarence,  Jr.,  Dist.  Mgr.,  Taylor- Wharton  Iron  <&  Steel  Co., 

522  Cornell  Bldg.,  Scranton,  Pa. 
Chapman,  Richard  D.,  Sales  Agt,  Taylor- Wharton  Iron  <&  Steel  Co.. 

504  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Dye,  Alexander,  Secy,  and  Gen'l  Mgr Phelps,  Dodge  &  Co.,  Bisbee,  Ariz. 

Oaylord,  Harold  B.,  Mgr 30  Church  St,  New  York,  N.  Y. 

Hazard,  Archie  M.,  Mine  Supt Casilla  5,  La  Paz,  Bolivia,  So.  Amer. 

Hinterleitner,  Henry  J.,  Asst.  to  Gen'l  Mgr.,  Clearfield  Bit  Coal  Corp., 

Clearfield,  Pa. 

LiNEAWEAVER,  Hekry  H.,  Coal 1009  West  End  Trust  Bids.,  Philadelphia,  Pa. 

Morrison,  James  S.,  Dist  Sales  Mgr 1418  Oliver  BldR.,  Pittobui»,  Pa. 

Naravane,  Shankar  G.,  Student 331  East  51st  St,  New  York,  N.  Y. 

NoRDBERG,  Bruno  v.,  Mech.  Engr 51 2  Logan  Ave.,  Milwaukee,  Wis. 

Siedler,  George  J.,  Sales  Mgr..... Taylor- Wharton  Iron  &  Steel  Co.,  High  Bridge,  N.  J. 

Stothopf,  William  S.,  Sales  Mgr High'  Bridge,  N.  J. 

Welborn,  Jesse  F.,  Prest Colorado  Fuel  &  Iron  Co.,  Denver,  Colo. 

Wbioht,  Wilfred  L.,  Vice-Prest.  Tioga  Steel  &  Iron  Co.,  Land  Title  Bldg., 

Philadelphia,  Pa. 

Junior  Members. 

Abrahams,  Alexander  I.,^tudent McOill,  Nev. 

Cahen,  James  Philip,  Jr.,  Mining  Student 353  Central  Park  West,  New  York,  N.  Y. 

Cabdthers,  Anthony  W.,  D.  L.  &  W.  Coal  Dept 231  Chestnut  St,  Kingston,  Pa. 

DicKEL,  Arnold  C,  Mine  Engr 1711  Euclid  Ave.,  Berkeley,  Cal. 

HfflB,  K.  F.,  Asst  StoDe  Engr Bay  Cons.  Copper  Co.,  Bay,  Ariz. 

LuNN,  Bobbrt,  Jr.,  student 70  Brinkerhof!  St,  Jersey  City,  N.  J. 

Means,  Alan  H.,  Student 32  St  James  Ave.,  Boston,  Maas. 

Patchell,  Frederick  J.,  Min.  Engr Copper  Cliff,  Ont,  Canada. 

Prochazka,  George  A.,  Jr Hibbing,  Minn. 
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Pynb,  Walter  R,  Student 614  W.  114th  St.,  New  York,  N.  Y. 

Schmidt,  William  C,  Jr.,  Student  l^chool  of  Mines,  Columbia  Univ.,  New  York,  N.  Y. 

Thompson,  R  Victor,  Assayer Hilltop,  Lander  Co.,  Nevada. 

Trischka,  Carl,  Min.  Engr P.  O.  Box  486,  Bisbee,  Ariz. 

Wendel,  Edmund Testing  Laboratory,  Waahoe  Smelter,  Anaconda,  Mont. 

Wise,  Alfred  L.,  Min.  Engr. 28  East  63d  St.,  New  York^N.  Y. 

Wood,  Carl  L.,  Met 6013  Dipple  Ave.,  Cleveland,  Ohio. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  period  July  21  to 
Aug.  31,  1913,  for  election  as  members  of  the  Institute.     Their  names  are 

Sublished  for  the  information  of  members  and  associates,  from  whom  the 
ommittee  on  Membership  earnestly  invites  confidential  communications, 
favorable  or  unfavorable,  concerning  these  candidates'.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the  residence  of 
the  candidate)  will  be  allowed  for  the  reception  of  such  communications, 
before  any  action  upon  these  names  by  the  Committee.  After  the  lapse  of 
this  period,  the  Committee  will  recommend  action  by  the  Board  of  Di- 
rectors, which  has  the  power  of  final  election. 

Members, 

John  L.  Agnew,  Copper  Cliff,  Ontario. 

Proposed  by  G.  M.  Lolvocoresfes,  G.  E.  Silvester,  J.  C.  Nicholls. 
Bom,  1884,  Pittsburg,  Pa.     1902,  High  School.    1903,  United  Engineering  &  Foundry 
Co.     1904,  Canadian  Copper  Co. 
Present  position :  General  Superintendent,  Canadian  Copper  Co. 

Alan  Mara  Bateman,  Kingston,  Ontario. 

Proposed  by  L.  C.  Graton,  Reno  H.  Sales,  Augustus  Locke. 

Bom,  1888,  Sutton,  Ontario.  1910,  B.  S.,  School  of  Mining,  Queen's  Univ.,  Kingston, 
Ont.  1913,  Ph.D.,  Yale  Univ.  1906-09,  Mining  and  geological  work,  German  Develop- 
ment Co.  of  Canada.  1909-12,  Mining  geological  work  m  eastern  and  western  Canada  for 
Geol.  Survey  of  Canada. 

Present  position :  Geologist,  Secondary  Enrichment  Investigators. 

Franklin  M.  Bell,  Butte,  Mont. 

Proposed  by  Georse  A.  Packard,  Charles  W.  Johnston,  Samuel  Barker,  Jr. 

Bora,  1879,  Cleveland,  Ohio.  1897,  High  School  graduate  at  Cleveland,  Ohio  ;  entered 
Case  School  of  Applied  Science.  1898,  Enlisted  Spanish  American  War.  1901,  With 
Cananea  Consolidated  Copper  Co.,  working  in  mines,  concentrator  and  on  engineering  corps 
till  1904.  1904-05,  Asst.  Supt.  at  Sierra  de  Cobre  Mine  at  Cananea.  1905,  six  months 
prospecting  through  district  of  Altar,  Sonora,  Mexico.  1905,  six  months  at  Yampa 
Smelter,  Bingham,  Utah.  1906,  six  months  prospecting  Montana.  1907,  Cable  Consoli- 
dated G.  M.  Co.,  assayer,  engineer,  etc.  190^10,  Asst.  Supt.  aUButtefor  Lewisohn  Bros. 
1911,  with  Butte  Superior  Copper  Co. 

Present  position :  Brokerage  business,  Butte,  Mont.  ;  Vice-President,  Butte  Chewelah 
Copper  Co. 

James  G.  Berryhill,  Des  Moines,  Iowa. 

Proposed  by  H.  Foster  Bain,  Thomas  T.  Read,  W.  H.  Aldridge. 

Born,  1852,  Iowa  City,  Iowa.    B.Ph.  and  LL.B.,  State  Univ.  of  Iowa.    For  past  twenty 
years  has  been  interested  in  mining  and  is  now  actively  engaged  therein. 
Present  position  :  Vice-President,  Nevada-Douglas  Copper  Co. 

Aldcn  Hugh  Brown,  New  York,  N.  Y. 

Proposed  by  H.  Foster  Bain,  Kirby  Thomas,  W.  J.  Loring. 

Bora,  1869,  at  Vinton,  Iowa.  1891,  State  Univ.  of  Iowa,  C.  E.  1891-94,  Asst  Engr., 
B.  C.  R.  &  N.  Ry.  1894-98,  Gen.  Engr.  work,  Southern  States.  1898-1904,  Mgr.,  Wano 
Mine,  Boulder  Co.,  Colo. 

Present  position  :  1904  to  date.  General  mining  engineering  work. 

Member  of  the  Institute,  1903-07. 
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Oscar  Cartlidge,  Sprinsfield,  111. 

Proposed  bj  U.  H.  Stoek,  F.  W.  De  Wolf,  R.  Y.  Williams. 

Bom,  1870,  SholbjTille,  111.  1878-94,  CommoQ  and  High  Schools  of  Shelby  county, 
DL  DurinflT  racation  periods  and  since  have  been  employed  in  the  mines.  1896-98,  Mine 
MaDAger,  Kew  Viiginia  Coal  Co.,  Johnston  City,  111.  1898-1900,  Mine  Manager,  John- 
ston (Sty  Coal  Co. ,  Johnston  City,  111.  190<M)8,  Mine  Supt.  and  Mining  £ngineer,  Ben- 
ton Coal  Co.,  Benton,  Ul.  1908-10,  County  Mine  Inspector,  Franklin,  111.  1910-12,  State 
Inspector  of  Mines,  Illinois. 

Present  position :  1912  to  date,  Manager  State  Mine  Rescue  Stations,  Illinois. 

John  R.  Curley,  Leadville,  Colo. 

Proposed  by  Thomas  T.  R^id,  D.  W.  Brunton,  Charles  J.  Moore. 

Bom,  1843,  Detroit,  Mich.  Public  School  education.  1872-78,  Supt.,  Michigamme 
Iron  Co.,  Marquette  county,  Mich.  1879,  Supt,  Sacramento  Mining  Co,  Park  county, 
Colo.  1884-87,  Supt,  Houghton  Mining  Co.,  Leadville,  Colo.  1890,  Supt,  North  Star 
&  Salisbury  Mining  Co.,  Butte,  Mont  1897-99,  Supt,  Iron  Silver  Mining  Co.,  Lead- 
Wile,  Colo. 

Present  position :  State  Mine  Inspector,  District  No.  3,  Leadville,  Colo. 

Irving  Annan  Chapman,  Brookljii,  N.  Y. 

Proposed  by  Qeom  A.  Packard,  D.  C.  Bard,  J.  A.  Grimes. 

Bom,  1890,  Brooklyn,  N.  Y.  1913,  R  M.,  Colorado  School  of  Mines.  Mar.,  1913, 
AsBt  to  H.  S.  Munroe,  examination  of  Ajax  Mine,  New  Mexico. 

Present  position :  July,  1913,  to  date,  mucking  at  Tramway  Mine,  Anaconda  Copper 
Miniog  Co.,  Butte,  Mont. 

Arthnr  Brewster  Clark,  Butte,  Mont 

Proposed  by  George  £.  Moulthrop,  Fred.  T.  Greene,  B.  H.  Dunshee. 

Bom,  1872,  Deer  Lodge,  Mont  1891,  Ogden  Military  Academy.  1893-1902,  Mine 
Foreman  and  leasing  mines  in  Butte  district  1902,  Mgr.  Ophir  Copper  Mining  Co., 
Batte.  1903-10,  President  and  Gen.  Mgr.  Paris  Mining  Co.,  Alma,  Ck>lo.  1912,  Con- 
salting  Engineer  for  A.  B.  Wolvin. 

Present  position  :  Mining  in  Madison  county,  Mont 

William  L.  Creden,  Butte,  Mont 

Proposed  by  John  D.  Pope,  D.  C.  Bard,  L.  T.  Buell. 

Bom,  1869,  Boston,  Mass.  1886,  Public  Schools  of  Boston.  1890,  Massachusetto  Insti- 
toie  of  Technology.  1890-95,  Union  Pacific  Railwav  engineer.  1891,  Miner  in  Butte. 
1892-97,  fkigineer  and  Supt  for  F.  Au^.  Heinze.  1»97,  Northern  Pacific  Railway  engi- 
neer.   1911,  examining  and  operating  mines. 

Present  position :  (insulting  Engineer,  Butte  &  Superior  Copper  Co. ;  Gen.  Mgr. 
DavifrDaly  Copper  Co.  ;  Consulting  Engineer  for  A-  B.  Wolvin  ana  W.  G.  Conrad.' 

William  Westaway  Daw,  Tavistock,  Devon,  England. 

Proposed  by  John  W.  Daw. 

Bom,  1882,  London,  EngUnd.  Educated  at  King's  College  School,  London.  Spent 
four  years,  1901-05,  at  the  Camborne  School  of  Mines  and  obtained  the  following  certifi- 
cates: Surveying,  Dynamics,  Hydrostatics,  Assaying,  Practical  Geometry,  Advanced 
Mining,  Physics,  Practical  Chemistry,  Vanning,  Metallurgy,  Trigonometry,  Ore  Dress- 
ing, Geology,  Applied  Mechanics,  Technical  Drawing.  Seen  employed  in  Mexico  as 
Aatt  Mining  Engineer.  In  Cornwall  as  Mine  Manager.  With  the  General  Explorers  as 
Gen.  Mgr.  and  on  inspection  work. 

Present  position  :  Asst  Gen.  Manager  for  the  Ashanti  Rivers  &  Concessions,  Ltd.,  West 
Africa.    London  o£Bce,  7  Southampton  Street,  High  Holbom,  London,  W.  C. 

Frank  T.  Donahoe,  Butte,  Mont. 

Proposed  by  George  E.  Moulthrop,  Beno  H.  Sales,  C.  W.  Goodale. 

Bom,  1881,  Ishpeming,  Mich.  1904,  Degree  Engineer  of  Mines,  Michigan  College  of 
Mines.  1899--1901,  Sur&ce  laborer,  hoisting  engineer  and  timberman,  Trimountain  Min- 
ing Co.  1901-1904,  Michigan  College  of  Mines.  1904-05,  Engineer  for  Sunday  Lake  & 
Brotherton  Iron  Mining  Cos.  1905-06,  Miner,  Butte,  Mont  1906-10,  Engineer  with 
W.  A.  Clark. 

Present  position :  1910  to  date,  Mining  Engineer,  Original  Mine,  Anaconda  Copper 
Mining  Co.,  Butte,  Mont 
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WillUm  Crawford  Douglat,  Plainfield,  N.  J. 

Proposed  by  J.  A.  Grimes,  D.  C.  B&rd,  George  A.  Packard. 

Bora,  1889,  New  York,  N.  Y.  1911,  E.  M.,  Colorado  School  of  Mines.  1911-12,  Min- 
ing, Badger  State  Mine,  Anaconda  Copper  Mining  Co.,  Butte.  Nov.,  1912-April,  1913, 
Timber  boss.  Badger  State  Mine. 

Present  position  :  April,  1913,  to  date,  Asst.  Engineer,  Steward  Mine,  Anaconda  Copper 
Mining  Co.,  Butte,  Mont. 

Rear  Admiral  John  R.  Edwards,  Washington,  D.  C 

Proposed  by  William  N.  Best,  C.  F.  Hand. 

Bora,  1853,  Pottsville,  Pa.  1871,  Graduated^  Pottsville,  Pa.,  High  School.  1874, 
Graduated,  U.  S.  Naval  Academy,  Annapolis,  Md.  1888-91,  Professor  Mechanical  En- 
gineering, University  of  South  Carolina.  While  at  the  University  pursued  a  law  course 
and  was  admitted  to  practice  before  the  Supreme  Court  of  South  Carolina.  1901-04,  Pres- 
ident, Naval  Liquid  Fuel  Board.  1912,  Chairman,  American  Delegation  to  London  Inter- 
national Badio  Conference.  For  forty  years  have  made  special  study  of  medaanical  and 
naval  engineering  matters.  Have  given  special  consideration  to  the  general  subject  of 
liquid  fuel,  and  the  question  of  coal  and  iron  production. 

Present  position  :  President  of  Board  of  Inspection  for  Shore  Stations,  Navy  De- 
partment. 

Richard  H.  Ernest,  Bound  Mountain,  Nev. 

Proposed  by  J.  F.  McClelland,  Thomas  T.  Bead,  J.  F.  Kemp. 

Bora,  1882,  Denver,  Colo.  1889-97,  Public  Schools.  1897-1901,  West  Denver  High 
School.  1901-05,  School  of  Mines,  Columbia  Univ.,  N.  Y. ;  E.M.  1904-05,  Practiaa 
mining,  surveying,  etc.  1906-06,  Survey  and  geoloncal  examinations  of  oil  properties  in 
Oklahoma.  190^-07,  Examination  of  properties  in  Goldfield  district.  Sampler  and  fore- 
man, Oddie,  Mohawk  Lease,  Goldfield.  Supt.  of  three  mining  and  leasing  companies 
under  control  of  T.  L  Oddie.  1907-09,  Assayer  and  Surveyor,  Kound  Mountain  Mining 
Co.  ;  1909-10,  Asst.  Supt 

Present  position  :  19l0  to  date.  Gen.  Supt.,  Round  Mountain  Mining  Co.  and  Los 
Gazabo  Milling  Co. 

Arthur  Feust,  Santo  Domineo,  Nicaragua. 

Proposed  by  Thomas  T.  Read,  Robert  Peele,  C.  S.  Herzig. 

Bora,  1890,  New  York,  N.  Y.  1894,  Grad.,  N.  Y.  Public  Schools.  1898,  Grad.,  Hor- 
ace Mann  High  School.  1898-1902,  School  of  Mines,  Columbia  Univ.  ;  E.  M.  1902-^4, 
Eng.  Dept.,  B.  &  M.  Cons.  Copper  and  Silver  Min.  Co. ,  Great  Falls,  Mont  1904-05, 
Engineer,  International  Ore  Treating  Co.,  New  York.  1905-07,  Greene  Gold  &  Silver 
Co.,  Chihuahua,  Mexico.  1908-09,  Manager,  Standard  Cons.  Mining  Co.,  Bodie,  Cal. 
1909-10,  Manager,  Quicksilver  Mining  Co.,  New  Almaden,  Cal. 

Present  position  :  1911  to  date.  General  practice  in  Nicaragua. 

Lester  Daniel  Frink,  Butte,  Mont. 

Proposed  by  L.  T.  Buell,  John  D.  Pope,  N.  H.  Emmons. 

Born,  1882,  Armona,  Cal.  1904,  Bachelor's  degree,  Stanford  University.  Elected 
Jan.,  1906,  member  of  A.  I.  M.  E.     Resigned  Feb.,  1909,  in  good  standing. 

Present  position :  1905  to  date,  in  the  employ  of  North  Butte  Mining  Co.,  as  Mining 
Engineer. 

Robert  Gordon,  Montezuma,  Costa  Rica,  C.  A. 

Proposed  by  H.  B.  Price,  P.  (t.  Spilsonry,  Robert  S.  Hanckel. 

Born,  1879,  Cornwall,  N.  Y.  Class  1902^  Syracuse  University  ;  Union  College ;  Mis- 
souri State  University.  1902-09,  Engineering  department  of  Mo.  Pacific,  Illinois  Central, 
and  Erie  R.  Rs.  1909,  Engineer  and  Assayer,  Montezuma  Mines  of  Costa  Rica.  1910-11. 
Engineer  and  Mine  Supt ,  same  mines. 

Present  position :  Asst.  Genl.  Manager  and  Mine  Supt,  same  mines. 

Albin  K.  P.  Harmon,  Jr.,  San  Francisco,  Cal. 

Proposed  by  W.  C.  Ralston,  M.  L.  Requa,  A.  Burch. 

Bora,  1883,  Oakland,  Cal.  1903-07,  College  of  Mining,  University  of  California. 
1907-08,  Assay  Department,  U.  S.  Mint  1908-10,  Asst  Foreman,  Ray  Consolidated 
Copper  Co.,  George  O.  Bradley.  1910,  Concrete  Foreman  Great  Westera  Power  Co., 
J.  A.  Baumgarten.     1911-12,  Asst  Geologist  Union  Oil  Co.  of  California,  W.  W.  Orcutt 

Present  position  :  Mining  Engineer  and  Geologist  with  office  in  San  Francisco. 


AmBBIOAN   I58TITUTB   OF  MlNINQ  EnOINSBBS.  XZl 

James  Hervey  Herron,  Cleveland »  Ohio. 

Proposed  by  Carl  F.  Koehler,  Mark  A.  Ammon,  Robert  B.  Abbott. 

Born,  Girard,  Pa.,  1875.  Prep,  edacatton,  1890,  Qirard  Academy.  Id09,  UniTersiry 
of  Michigan,  fi.  S.  in  M.  £.  1890-94,  Apprenticeahip,  Steams  Manufacturing  Co.,  Erie, 
Pft.  1894-97,  DrafUman,  Awt  Chief  and  Chief  Draftsman  Erie  City  Iron  Works,  Erie, 
Pi  1897-99,  UniyerBity  of  Michigan.  1899-1902,  Draftsman  and  Aast.  Engineer  Cam- 
bria Steel  Co.,  Johnstown,  Pa.  1902-05,  Chief  Ennneer.  1905-07,  Commercial  Mana- 
ger Bary  Conapressor  Co.,  Erie,  Ps.  1907-09,  Metallargical  Engineer,  Detroit  Steel 
Products  Co.,  Detroit,  Mich. 

Present  position :  Consulting  Metallurgical  Engineer. 

Bsra  A.  Hewitt,  Butte,  Mont.  , 

Proposed  by  L.  T.  Buell,  John  D.  Pope,  N.  H.  Emmons. 

Bom,  1880,  Waterloo,  Iowa.  1904,  four  years  at  Hamline  University,  St  Paul,  Minn., 
leading  to  Ph.  B.  No  degree  received.  1908,  four  years  at  University  of  Minnesota, 
receivinff  degree  of  R  M.  1909^  with  engineering  department,  Oliver  Iron  Mining  Co., 
Gilbert,  Minn.  1910,  ^neral  mining  work,  Duluth  <&  Toroda  Mining  Co.,  Bodie.  Wash., 
also  with  Daly  Reduction  Co.,  Nickel  Plate  Mine,  Hediey,  fi.  C.  1911,  seneral  mining 
and  cyanide  milling,  U.  S.  Smelting,  Refining  &  Mining  Co.,  Qoidruad,  Ariz.  1912, 
AsBt.  Engineer,  Q.  N.  Iron  Ore  Properties,  Hibbing,  Minn. 

Present  position :  Geologist,  North  Butte  Mining  Co.,  Butte,  Mont. 

Ross  Browne  Hoffman,  Oakland,  Cal. 

Proposed  by  Adolphe  £.  Borie,  Spencer  C.  Browne,  W.  W.  Mein. 

Bora,  1873,  Oakland,  Cal.  1891,  Grad.,  Oakland  High  School.  1895^  Grad.,  Uni- 
Tersity  of  Califoroia,  B.  S.  Post  Grad.  course  in  electrical  and  hydraulic  engineering. 
1895-1900,  assisting  Ross  E.  Browne  and  Charles  F.  Hoffman  in  mine  examinations. 
190O  to  date,  actively  engaged  in  general  mine  examination  work  in  Russia,  Siberia, 
South  America,  Alaska,  Mexico,  United  States,  British  Columbia.  Emplo^red  by  Gug- 
genheim Exploration  Co.,  London  Exploration  Co.,  Ltd.,  Pioneer  Co.  of  Siberia,  Ltd., 
John  Hays  Hammond,  A.  C.  Beatty,  R.  D.  Evans,  Seeley  W.  Mudd,  American  Smelting 
&  Befining  Co.,  etc. 

Kenroku  Ide,  Evoto,  Japan. 

Proposed  by  £.  P.  Mathewson,  Bradley  Stoughton^  Carl  J.  Tranerman. 

Bora,  1882,  Nagano-ken,  Japan.  1903-06,  Studied  at  the  Mining  and  Metallurgical 
Institute,  Imperial  University,  Tokyo,  Japan.  1906-10,  Mining  Engineer  in  Kosaka 
Copper  Mine,  Japan.  1910-11,  studied  mining  machinery  in  the  University  of  Tok^o. 
1911-13,  studied  mining  in  general  at  the  Technical  High  Schools,  Aachen  and  Berlin, 
Germany. 

Present  position  :  Asst.  Professor  of  Mining  of  the  Imperial  University,  Kyoto,  Japan. 

Clifton  Beach  Johnson,  East  Helena,  Mont 

Proposed  by  William  Scallon,  F.  M.  Smith,  Alexander  Leggat. 

Bom,  1878,  Beloit,  Wis.  1900,  Beloit  College.  1903,  Michigan  College  of  Mines, 
Degree  Ph.  B.  and  £.  M.  1903,  Asst.  Engineer,  Oliver  Iron  Mining  Co.,  Ironwood. 
1904,  Cyanide  Foreman,  California  Mine,  Siimpter,  Ore.  1905,  mining  in  Eureka  and 
Bingham,  Utah.  1906-08,  Chief  Engineer  of  Construction  Cia.  Real  del  Monte  y  Pachuca 
and  Blaisdell  Syndicate.  1909-13,  Draftsman  and  Engineer  with  Tennessee  Copper  Co. 
and  A.  S.  <&  R.  Co. 

Present  position  :  Engineer  in  charge  of  construction  at  East  Helens. 

Oscar  Lachmund,  Greenwood,  B.  C. 

Proposed  by  D.  W.  Brunton,  Edwin  H.  Piatt,  Frederic  Keffer. 

Born,  1866,  St.  Louis,  Mo.  1887,  Missouri  School  of  Mines,  Bolla,  Mo.,  M.  E. 
1887-97,  manual  labor  in  mines  and  smelters.  Assajer  and  Chemist  at  mines  and 
sampling  works  in  Colorado  and  Nevada.  1898-1900,  Assayer,  Guggenheim  Refinery, 
Perth  Amboy,  N.  J.  1901,  Examining  Engineer  for  Olancho  Mining  Co.,  Central 
America,  now  defunct.  1903-06,  Superintendent,  Reforma  Mine,  Mexico.  1906-08,  Ore 
Barer  U.  S.  Smelting  Co.,  Salt  Lake  City.     1908-12,  professional  practice. 

rreeent  position :  Gen.  Mgr. ,  British  Columbia  Copper  Co.,  Ltd. 

Eugene  Hamilton  Leslie,  San  Francisco,  Cal. 

Proposed  by  Thomas  T.  Read,  Robert  Peele,  Henry  S.  Mnnroe. 

Bom,  1884,  Cadiz,  O.  Public  Schools,  Columbus,  O.  1899-1902,  Steele  High  School, 
Dayton,  0.  1902M)6,  Princeton  University,  A.  B.  1906-09,  School  of  Mines,  Colum- 
bia, K  M.     1909-13,  Mining  Engineering,  and  editor,  Mexican  Mining  Journal. 

Present  position  ;  Asst.  editor,  Mining  and  Scientific  Press. 
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Ivor  Livingston,  PetroSf  Tenn. 

Proposed  by  Charles  E   Wait,  Boyal  P.  Jarvis,  Walter  H.  Finley. 

Bom,  1878,  Jasper,  Tenn.  1894-1900,  worked  in  mines  of  T.  C.  I.  &  R.  R.  Co.  at 
Whit  well,  Tenn.  1900-02,  student  University  of  Tennessee.  1902-03,  Engineer,  Camp- 
bell Coal  &  Coke  Co.,  Orme,  Tenn.  1903-05,  student.  University  of  Tennessee,  B.  S. 
1905-07,  engineer,  Tenn.  Cons.  Coal  Co.,  Tracy  City,  Tenn.  1907-09,  Engineer,  Campbell 
Coal  &  Coke  Co.  1909-10,  8upt  of  Mines,  Coalmont,  Ky.  1910-11,  Supt.  Mines,  Uavis 
Creek  Coal  Co.     1911-12,  Supt.  of  Mines,  Battle  Creek  Coal  &  Coke  Co.,  Orme,  Tenn. 

Present  position :  Supt.  of  Mines,  Bushy  Mountain  Coal  Mines. 

Frederick  MacCoy,  El  Oro,  Mexico. 

Proposed  ^y  C  E.  Rhodes,  L.  N.  B.  Bullock,  E.  F.  Hoffmann. 

Born,  1875,  Indiana.  1893-94,  Purdue  Univ.  1894-96,  private  instructor,  C.  E.  work. 
1896-98,  Transit  man  on  mine  surveys.  1898-1900,  Transit  man  on  railroad  location 
work.  1905,  appointed  Civil  Engineer  on  U.  S.  Reclamation  Service  (did  not  accept). 
1908,  accepted  by  Mexican  Government  as  Civil  Engineer ;  1909,  as  Mining  Engineer. 
1900,  Asst.  Engineer,  Dawson  Fuel  Co.  1902,  Engineer,  Raton  Coal  &  Coke  Co.  1905, 
Engineer,  Coal  Dept.^  Santa  Fe  R.  &  E.  Ry.  1906,  Division  Engineer,  Mexican  Central 
Ry.  1908,  Asst.  Engmeer,  Guanajuato  Development  Co.  1909,  Chief  Engineer,  Esper- 
anza  Mining  Co. 

Present  position  :  Asst.  Manager,  Esperanza  Mining  Co. 

Philip  M.  McHugh,  Denver,  Colo. 

Proposed  by  John  Y.  N.  Dorr,  Charles  A.  Chase,  Louis  Cohen. 

Bom,  1887,  Hastings,  Minn.  1901-05,  High  School,  Aberdeen,  8.  D.  1907-11,  Colo- 
rado School  of  Mines,  Degree  E.  M.  1906-07,  Assayer,  Surface  foreman,  Cobalt  Central 
Mining  Co.,  Cobalt,  Ont.  1909,  Millman,  United  Mines  Corporation,  Tuolumne,  Cal. 
1910,  Surveyor,  Great  Northern  Irrigation  <&  Power  Co.,  Routt  county,  Colo.  1911, 
Metallurgical  work,  Granite  Bi-Metallic  Mining  Co.,  Phillipsburg,  Mont. 

Present  position  :  1911  to  date.  Engineer,  Dorr  Cyanide  Machinery  Co. 

•Vachel  Harry  McNutt,  Tulsa,  Okla. 

Proposed  by  C.  R.  Forbes,  G.  H.  Cox,  H.  H.  Buehler. 

Bom,  1888,  Minerva,  Ky.  1902-06,  High  School,  Monroe  aty,  Mo.  1906-10,  Student, 
Mo.  School  of  Mines,  Rolla,  Mo.  ;  B.  S.  in  E.  M.  1910-12,  P.  G.,  Mo.  School  of  Mines ; 
M.  S.  1909-11,  summer  months,  field  work  in  geology,  Mo.  Bureau  of  Mines,  H.  H. 
Buehler,  State  Geologist.  1910-13,  winter  months,  instructor  of  geology  and  mineralogy, 
Mo.  School  of  Minen,  Rolla.  1913,  summer  months,  examining  geologist,  Powder  & 
Pomeroy,  Oil  Producers,  Tulsa,  Okla. 

Present  position :  Member  of  firm  Valerius  &  McNutt,  Geologbts  and  Mining  Engi- 
neers, Tulsa,  Okla. 

Donald  Gazlay  Miller,  Bisbee,  Ariz. 

Proposed  by  Walter  Douglas,  Gerald  Sherman,  Arthur  Notman. 

Bom,  1888,  Sandusky,  Ohio.  1905,  Grad.,  Irving  High  School,  New  York.  1905-09, 
Columbia  Univ.  ;  E.  M.  1909-10,  Engineering  staff,  Moctezuma  Copper  Co.  1910-11, 
Mininff  Engineer;  1911,  Asst.  Supt.  ;  1912,  Supt.,  Transvaal  Copper  Mining  Co.,  Cum- 
pas,  Mexico. 

Present  position  :  1912  to  date,  Mining  Engineer,  Phelps,  Dodge  &  Co. 

Edward  Hale  Perry,  Boston,  Mass. 

Proposed  by  L.  C.  Graton,  Jleno  H.  Sales,  Augustus  Locke. 

Bom,  1887,  Boston,  Mass.  1906-13,  Harvard  Univ.  ;  B.  S.  and  E.  M.  1911,  summer, 
Assayer,  Copper  Queen  Cons.  Mining  Co.  1912,  Timberman  and  member,  Geol.  Dept., 
Detroit  Copper  Co. 

Present  position  :  Geologist,  Secondary  Enrichment  Investigation. 

Frederic  Emory  Pierce,  New  York,  N.  Y. 

Proposed  by  J.  A.  Van  Mater,  Lewis  G.  Lowand,  William  A.  Pomeroy. 

Born,  1870,  Flemmgton,  N.  J.  1888-92,  Columbia  Univ.  ;  C.  E.  1892-94,  Draftsman, 
N.  J.  Steel  &  Iron  Co.  1894-95,  Rodman,  P.  R.  R.  1895-98,  Asst  to  Engineer,  Walla- 
bout  Improvement,  Brooklyn  Dept.  City  Works.  1898-1900,  Drafting  and  engineering 
work  for  N.  J.  Zinc  Co.  1900-04,  Asst.  Supt.  ;  1904-06,  Asst.  to  Chief  Engineer;  1906- 
09,  Engineer  of  Construction  ;  1909-12,  Chief  of  Construction. 

Present  position  :  1912  to  date,  Chief  Engineer,  N.  J.  Zinc  Co. 
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Royden  Campbell  Philpott,  Gaayaqail,  Ecuador,  S.  A. 

Propofled  by  T.  W.  Mather,  A.  L.  Kelly,  J.  W.  Mercer. 

Bom,  1883,  lona,  Ont ,  Canada.  1890-98,  Public  schooU,  Ridgetown,  Out,  Oanada. 
1898-1901,  High  School,  Cripple  Creek,  Colo.  1902-04,  Colorado  School  of  Mines. 
1904-06,  Miner  on  Findley  Mine,  Cripple  Creek,  Colo.  1906-4)7.  Ely,  Nev.,  with  Nevada 
Northern  B.  R.  1907-10,  With  Croeby  &  Atherton,  Mining  Engineers,  Cripple  Creek, 
Colo. 

Present  position :  1911  to  date,  General  foreman,  The  South  American  Development 
Co.,  Santa  Rosa ;  Road  Construction. 

C.  Herbert  Poirier,  New  York,  N.  Y. 

Proposed  by  Fred.  J.  Pope,  Russell  T.  Cornell,  G.  M.  Colvocoresses. 

Bom,  1877,  Duluth,  Minn.  1898-99,  Mill  Foreman,  Four  Hills  Mining  Co.,  Sierra 
county,  Gal.  1900-01,  Mine  Supt,  Lucky  Bug  Mining  Co.,  Idaho  City,  Idaho.  1902-03, 
Mine  Supt,  Harvard  Mining  Co.,  Tuolumne  countv,  Cal.  1904-06,  Mgr.,  Goldfield 
Frances  Mining  Co.,  Goldfield,  Nev.  1907-09,  Consulting  Engineer,  Eastern  Exploration 
Co.,  Boston,  Mass. 

Present  position  :  1910  to  date.  Consulting  Engineer,  Genl.  Mgr.  Porcupine  Gold  Mines 
Co.,  Schumacher,  Ont,  Canada. 

Edwin  Jay  Prindle,  New  York,  N.  Y. 

Proposed  by  F.  L.  Grammer,  Charles  Dorrance,  Jr.,  W.  G.  Whildin. 

Bom,  1868,  Washington,  D.  C.  1890,  Lehisrh  Univ.  ;  M.  E.  1893,  National  Univ., 
Washington,  D.  C,  Bachelor  of  Laws  ;  1894,  Master  of  Laws.  1890-99,  Examiner,  U.  S. 
Patent  Office.  1899-1910,  Mechanical  engineering  experience,  resulting  in  election  to  full 
membership  in  American  Society  of  Mechanical  Engineers.  1899  to  date.  Practice  of 'pat- 
ent law.     1908,  elected  member  American  Electrochemical  Society. 

Present  position  :  Patent  Lawyer. 

John  Edward  Rea,  Spokane,  Wash. 

Proposed  by  .1.  C.  Haas,  L.  K.  Armstrong,  Francis  A.  Thomson. 

Bora,  1883.  Muskegon,  Mich.  1904,  Grad.,  Michigan  College  of  Mines.  1909-10,  Post 
Grad.  course  in  copper  mining  at  Washington  State  College.  1905-08,  Asst.  Engr.,  Spo- 
kane Intl.  Ry.  1908,  Member  of  firm,  Haas  &  Rea.  1908,  Min.  Engr.  and  foreman, 
Spokane  Lead  Mine,  Metaline,  Wash.  1909,  Engr.,  Copper  River  &  Northwestern  Ry, 
Alaska.  1910,  Prospecting  and  locating  claims,  Nevada.  1911-12,  Engr.,  C.  H.  Green  Co., 
Spokane.    1913,  Sampling  and  reporting  on  mines  in  Northwest  for  J.  Gordon  Hardy. 

Present  position :  Mining  Engineer,  Gold  Dust  Mining  Co.,  Seward,  Alaska. 

Charles  Henry  Schmalz.  Great  Falls,  Mont. 

Proposed  by  C.  W.  Goodale.  J.  H.  Klepinger,  Milo  W.  Erejci. 

Bora,  1875,  Chicago,  111.  1897,  Gates  Iron  Works,  Chicago,  111.  ;  Research  Laboratory. 
1898-1901,  Colorado  School  of  Mines.  Golden,  Colo.  1901,  Case  School  of  Applied 
Science,  Cleveland,  Ohio.  1903,  Barth  Elevator  Co.,  Milwaukee,  Wis.  ;  Supt  1904, 
Cananea  Consolidated  Copper  Co.,  Cananea,  Mexico  ;  Asst.  M.  M.  1906-09,  Great  Falls 
Iron  Works,  Great  Falls  ;  Manager. 

Present  position  ;  1909  to  date,  Asst.  Master  Mechanic,  Anaconda  Copper  Mining  Co., 
Great  Falls,  Mont. 

Leonard  Durant  Sivyer,  Los  Angeles.  Cal. 

Proposed  by  Frank  RAbbins,  Theodore  B.  Comstock,  F.  J.  H.  Merrill. 

Bora,  1853,  Milwaukee,  Wis.  1865-70,  Student  at  Milwaukee  Academv.  1869-70, 
Stndent  of  mineralogy  and  geology.  1870-72,  Practiced  in  field  of  Kansas,  Missouri,  and 
Arizona.  1873-74,  With  the  Sunnyside  Mining  Co.,  of  Boulder  county,  Colo.  1875-92, 
Exploring,  operating  mines,  etc.,  Arizona,  Kansas,  Colorado,  Washington,  Idaho,  British 
Columbia.  1892-93,  Chief  of  Mines,  Mining,  and  Mineral  ExhibiU  for  the  Sute  of  Wash- 
ington, World's  Colombian  Exposition.     1893  to  date.  Mining  practice. 

Present  position  :  Examining  and  reporting  on  Mines  and  Geological  features. 

Horatio  L.  Small,  Rio  de  Janeiro,  Brazil. 

Proposed  by  J,  C.  Branner,  H.  W.  Young,  D.  M.  Folsom. 

Bora,  1884,  Muscatine,  Iowa.  1911,  Leland  Stanford  Univ.  ;  A.  B.  1906,  General 
nnderground  work,  Havilk  Mine,  Nashville,  Cal.  1907,  General  underground  work. 
River  Mill  Mine,  PJacerville,  Cal.  1909,  Underground  work,  Melones  Mine,  Cal.  1911, 
Oeol.,  CaL  State  Highway  Commission,  Sacramento. 

Present  position  :  Geologist,  Inspectoria  de  Abros  Contra  as  Seccas  (Brazilian  Reclama- 
tion Service). 
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Ralph  Hamilton  Soper,  Bahia,  Brazil. 

Proposed  bj  J.  C.  Branner,  H.  W.  Young,  D.  M.  Folaom. 

Bom,  1889,  Menlo  Park,  Cal.  1909-11,  Leland  Stanford,  Jr.,  Univ.  1901-08,  Sur- 
Tejor,  Cal.  DeTelopment  Co.  1910,  In  concentrator,  Nevada  Cons.  Copper  Co.  1911. 
Topographic  geology  in  Venezuela  Oil  Field  for  Barber  Asphalt  Co. 

Present  position  :  1912  to  date,  Geologist,  Inspectoria  de  Abros  Contra  as  Seccas. 

C.  J.  Stone,  Butte,  Mont. 

Proposed  by  Oscar  Bohn,  Fred  T.  Greene,  J.  C.  Febles,  George  E.  Moulthrop. 

Thomas  Thorkildsen,  Los  Angeles,  Cal. 
Proposed  by  C.  Colcock  Jones,  Frank  A.  Keith,  S.  W.  Mudd. 
Born,  1872,  Wisconsin.     Operations  chiefly  non-metallics. 
Present  position :  President  and  Treasurer  Sterling  Borax  Co. 

John  Hamilton  Troutman,  Denver.  Colo. 

Proposed  by  J.  A.  Van  Mater,  William  A.  Pomerov,  A.  D.  Beers. 

Bom,  1856|  Philadelphia,  Pa.  1881-97.  Lehigh  Zinc  A  Iron  Co.  1897  to  date,  N.  J. 
Zinc  Co.  and  associate  companies.  Closely  associated  with  the  mining,  manufacturing^ 
and  business  management  of  the  above  companies. 

Present  position  :  Gen.  Mgr.,  Empire  Zinc  Co. 

Ernest  Eugene  Watson,  Butte,  Mont. 

Proposed  by  L.  T.  Buell,  John  D.  Pope,  N.  H.  Emmons. 

Born,  1887,  Park  City.  Utah.     1907-11,  B.  8.  in  Mining,  University  of  Utah. 

Present  position  :  1911  to  date,  Asst.  Engineer,  North  Butte  Mining  Co. 

Alfred  Hurst  Weaver,  Santiago  de  Cuba,  Cuba. 

Proposed  by  George  W.  Pfeiffer,  Edward  H.  Emerson,  Charles  F.  Rand. 

Bora,  1889,  Norristown,  Pa.  Public  ahd  High  Schools  of  Norristown,  Pa.  1908-07, 
college  preparatory  course.  1907-08,  Mfg.  Dept,  United  Gas  Improvement  Co.,  Water- 
bury,  Conn.  1908-10,  with  George  W.  Weaver,  Sewer,  Paving  and  General  Contractor, 
Norristown,  Pa.    1910-12,  with  S.  C.  Corson,  Borough  Engineer.  Norristown. 

Present  position  :  With  Spanish- American  Iron  Co.,  Baquiri,  Cuba. 

Horace  E.  Williams,  Bio  de  Janeiro,  Brazil. 

Proposed  by  J.  C.  Branner,  A.  H.  Purdue,  N.  F.  Drake. 

Born,  1866,  Arkansas.  Grad.,  Univ.  of  Arkansas  and  Stanford  Univ.  in  Geology.  Some 
years  assistant  on  Geol.  Survey  of  Arkansas.  Several  years  chief  topographer,  Geol.  Sur- 
vey, S.  Paulo,  Brazil.  Author,  Map  of  State  of  S.  Paulo,  Brazil ;  Book  on  Secular  Varia- 
tion and  the  Distribution  of  Magnetic  Declination  in  Brazil,  1913 ;  Book  on  the  Deter- 
mination of  Azimuth  by  Observation  of  the  South  Polar  Star,  Sigma  Octazti,  1912. 

Present  position  :  Asst.  Geologist  and  Chief  Topographer,  Servico  Geologico  de  Brazil. 

Rollo  D.  Winnc,  Crystal  Falls,  Mich. 

Proposed  by  W.  E.  Hopper,  Thomas  T.  Bead,  F.  W.  Sperr. 

Born,  1889,  Adrian,  Mich.  1903-07,  Adrian  High  School.  1908-11,  Michigan  Col- 
lege of  Mines ;  B.  S.  and  E.  M.  1911,  Engineer,  Iron  County  Road  Commission.  1912, 
Engineer  and  Pit  Foreman,  Veroua  Mining  Co.,  Palatka,  Mich.  1913,  Deputy  Mine 
Inspector,  Crystal  Falls,  Mich. 

Present  position  :  Deputy  County  Mine  Inspector. 

Augustus  B.  Wolvin,  Butte,  Mont. 

Proposed  by  Samuel  Barker,  Jr.,  B.  H.  Dunshee,  John  Gillie. 

Born,  1857,  Cleveland,  Ohio.     1901-04,  with  U.  S.  Steel  Corporation.     1904-07,  Zenith 
Furnace  Co.     1907-13,  President  Butte  Superior  Copper  Co. 
Present  position  :  President  Butte  Duluth  Mining  Co. 

Harold  William  Kennett  Wood,  Sydney,  Australia. 

Proposed  by  John  MofTat,  James  B.  M.  Robertson,  Fred.  D.  Power. 

Born,  1889,  Sydney,  N.  S.  W.  1894-1901,  Stanmore  S  P.  .^chool.  1901-04,  Fort  Street 
High  School.  1904-07,  Sydney  Technical  College  (Chemistry).  1904-07,  Asst.  to  kte 
Dr.  A.  Helms.     1907-09,  Asst.  chemist  to  K  Janetzky. 

Present  position  :  1909  to  date,  Managing  chemist  and  manager  for  Charles  F.G.  Kopsch 
&  Co.,  Analysts  and  Assayers. 

Associates. 

Frank  Clinton  Bailey,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  J.  C.  Haas,  Richard  S.  McCafifery. 

Bom,  1855,  Janesville,  Wis.  Educated  at  common  schools,  Janesville.  1893  to  date^ 
mining  operator,  Greenwood,  B.  C. ;  Newport,  Wash. ;  Wallace,  Idaho ;  Chewelab, 
Wash. 
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jAines  C.  H.  Ferguson,  Ran  Francisco,  Cal. 

Proposed  bj  Edward  H.  Benjamin,  £.  P.  Mathewion,  Frederick  Laift 

Born,  1867,  Holland.  Educated  in  Europe.  189^  Uniyersitr  of  California,  mining^ 
coane.    1895-1901,  Union  Iron  Works,  8.  F. 

Present  position :  1901  to  date,  Pacific  Coast  Sales  Agent,  Midvale  Steel  Co.,  Philadel- 
phia. 

Arthor  Smith.  Elj,  Nevada. 

Proposed  by  Alfred  B.  Colwell,  Charles  F.  Rand,  C  K  Lakenan. 

Bora,  1866,  Oxfordshire,  England.  Public  school  education.  1884,  worked  in  Nelson 
Mine,  Mich.  1884-96,  worked  in  various  mines  in  Butte,  principally  Anaconda  Mine 
of  the  A.  C.  M.  Co.,  and  Mountain  View  Mine  of  the  B.  &  M.  Co.,  as  ordinary  miner. 
1896-1907,  more  or  less  connected  with  mining  properties.  1909  to  date,  Agent  and 
mansger  of  Co^permines  Co. 

Present  position  :  President,  Copper  National  Bank,  Ely,  Nev. ;  McQill  National  Bank, 
McQill,  Ney. 

Herbert  DeQuincy  Taylor,  Wilmington,  Del. 

Proposed  by  Loais  D.  Huntoon,  R  Gybbon  Spilsbnry,  O.  M.  Colvocoresses. 

Bora,  1866,  St  Louis,  Mo.  1881-83,  Manual  Training  School.  1883-86,  Washington 
CDivenity,  St  Louis.  1892-1913,  with  DuPont  Powder  Co.  handling  explosives  as  a 
sales  agent  and  a  branch  office  manager.  1913,  Atlas  Powder  Co.,  in  charge  of  Joplin 
lead  aM  sine  district  and  contractors'  division.  1892-1913,  £.  I.  DuPont  de  Nemours  & 
Co.  and  Atlas  Powder  Co.,  Wilmington,  Del. 

Present  position  :  Atlas  Powder  Co.  in  charge  of  contractors*  division. 

Changes  of  Addrebb  of  Mehberb. 

The  following  changOB  of  address  of  members  have  been  received  at  the 
Secretary's  office  daring  the  months  of  July  and  August,  1913.  This  list^ 
together  with  the  lists  published  in  BuUettn  Nos.  76  to  79,  April  to  July, 
1913,  and  the  foregoing  list  of  new  members,  therefore,  supplements  the 
annual  list  of  meoabers  corrected  to  Mar.  1,  1913,  and  brings  it  up  to  the 
date  of  Sept  1, 1913. 

Abadis,  Emile  R Mutual  Savings  Bank  Bldg.,  San  Francisco.  CaK 

Adams,  Arthxtb  K Socorro,  N  M. 

A5DKBS0N,  ALE3CANDEB Bella  Vista  22,  Minas  de  Rio  Tinto,  Prov.  Huelva,  Spain. 

Ajtdekson,  J.  K 1414  Virginia  St ,  Charleston,  W.  Va. 

Avery,  JoHN,Engr.  Amalgamated  Zinc  («DeBavaj'8),Ltd.,Broken  Hill,  N.S.W.,  Australia. 

Backus,  Gboboe  S Care  Leonard  Hotel,  Butte,  Mont. 

Baird,  Dudley 2624  Bancroft  Way,  Berkeley,  Cal. 

Baker,  David IngallSt,  Mayfield,  Newcastle,  N.  S.  W.,  Australia. 

Barnes,  W.  A Utah  Metal  Mining  Co.,  Bingham  Canyon,  Utah. 

Batchsller,  James  H Mizpah  Hotel,  Tonopah,  Nev. 

Behr,  HaksC 233  Broadway,  New  York,  N.  Y. 

Beroen,  Raymond  C. P.  O.  Box  335,  Hightetown,  N.  J. 

Birkinbine,  J.  L.  W Benson  Mines,  St.  Lawrence  Co.,  N.  Y. 

Bishop,  Boy  N Crocker  Bldg. ,  San  Francisco,  Cal. 

Blair,  Allen  F 318l8tS.  St.,  Seattle,  Wash. 

BoLLES,  M.  N Conner  Hotel,  Joplin,  Mo. 

BosE,  Albert  J.,  Smelter  Supt.,  Granby  Cons.  Mining,  Smelting  &  Power  Co., 

Anyox,  B.  C-,  Canada. 

Booth,  Harry  M Qark,  Routt  Co.,  Colo. 

Bordeaux,  A.  F.  J 8.  Real  par  S.  Pierre  d'Albigny,  Savoie,  France. 

BoROwsKY.  A.  G.,  Secy.,  Penna.  Rivet  Mfg.  Co.,  11th  and  Cambria Sts.,  Philadelphia,  Pa. 

BosacAT,  Henry Mesves-Sur-Loire,  Nievre,  France. 

BouRDARiAT,  A.  J Villa  Fugier,  Coublevie  par  Voiron,  Isfire,  France. 

Boyd,  A.  W S.  519  Madison  St.,  Spokane,  Wash. 

Bradley,  D.  H.,  Jr 1700  Rampart  St.,  Spokane,  Wash. 

Breiherton,  W.  L Mgr.,  Clarkdale  Improvement  Co.,  Clarkdale,  Ariz. 

BRmsMADE,  R  B Ueson  Angel  6,  Puebla,  Pue.,  Mexico. 

Beooks.  Raymond,  Min.  Engr 3031  Prairie  Ave.. Chicago,  III. 

Brown,  W.  Sinclair. Lebong  Donok,  Benkoelen,  Sumatra,  D.  E.  I. 

BrELL,  L,  T P.  O.  Box  1607,  Butte,  Mont. 

Chamberlain,  John  R.,  Supt.  of  Transportation,  £1  Aguila  Oil  Co., 

Apirtado  150,  Tampico,  Tamps.,  Mexico. 
CocKERELL,  L.  M Isthmian  Club,  Piccadilly,  London,  W.,  England. 
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GoRNELii,  Hot  L.  G , 299  Mission  St,  Santa  Cruz,  Cal. 

De  Hoba,  Manuel  H.,  Cons.  Min.  and  Civ.  Engr., 

Care  Catlin,  Powell  &  Co.,  15  Broad  St.,  New  York,  N.  Y. 

Del  Mar,  Algernon South  Pasadena,  Cal. 

Dresser,  Clarence  G Care  Inspiration  Cons.  Copper  Co.,  Miami,  Ariz. 

Drummond,  T.  R 1780  El  Cerrito  PI,  Hollywood,  Cal. 

Earling,  Roy  B.,  Supt  Metcalf  Group Arizona  Copper  Co.,  Ltd.,  Metcalf,  Ariz. 

Eggers,  John  H.,  Jr Rochester  Mines  Co. ,  Upper  Rochester,  Nev. 

Elguera,  Manuel 1746  PSt,  Washington,  D.  C. 

Elsing,  Morris  J.,  Min.  Engr.andGeoL,  Cananea  Cons. Copper  Co., Cananea,  Son.,  Mexico. 

Emlaw,  Harlan  S 139  Herkimer  St.,  Brooklyn,  N.  Y. 

Engelhardt,  E.  C Garfield  Smelting  Co.,  Garfield,  Utah* 

EsHLEMAN,  S.  K.,  Jr.,  Steel  Engr Columbia  Steel  &  Shafting  Co.,  Pittsburg,  Pa. 

E.  L.  EsTERBROOK PlatteviUe,  Wis. 

Evans,  George  W 1011  N.  47th  St.,  Seattle,  Wash. 

Eye,  Clyde  M.,  Supt American  Girl  Mine,  Ogilby,  CaL 

Farrar,  B.  L 1127  Montana  St.,  El  Paso,  Texas, 

Fawcett,  Jambs H Athenaeum  Club,  Sydney,  N.  8.  W.,  Australia. 

Fegraeus,  TobERn Nobel  Brothers,  St.  Petersburg,  Russia. 

Foster,  D.  F.,  Broomassis  Gold  Mines,  Ltd.,  Broomassis,  Gold  Coast  Colony,  West  Africa. 

Gahl,  Rudolf,  Met P.  O.  Box  1191,  Clifton,  Ariz. 

Gambrill,  G.  T.,  Jr 1706  14th  Ave.,  S.,  Birmingham,  Ala. 

Gerhardt,  R.  B C04C.  St.,  Sparrows  Point,  Md. 

Goodrich,  R.  R Columbia  University,  New  York,  N.  Y. 

Greensfelder,  Nelson  S 809  Paulsen  Bldg.,  Spokane,  Wash. 

Guernsey,  Forbes  W Mason  Valley  Smelter,  Thompson,  Nev. 

Haasis,  D.  D Federal  Bldg.,  Fall  River,  Mass. 

Hall,  George Mina  da  Serra  da  Caveira,  Grandola,  Portugal. 

Hardman,  John  £ 601  Royal  Trust  Bldg.,  Montreal,  Canada. 

Harris,  Arthur  L Dillsboro,  Jackson  Co.,  N.  C. 

Hawley,  Robert  H.,  Asst  Supt Masna  Plant,  Utah  Copper  Co.,  Garfield,  Utah. 

Henderson,  J.  A.  L Worcester  House,  7  Walbrook,  London,  E.  C. ,  Eneland. 

Hill,  Charles  R Care  F.  H.  Piatt,  2  Rector  St.,  New  York,  N.  Y. 

Hodges,  A.  B.  W.,  Min.  and  Met.  Engr 109  S.  Kingsley  Drive,  Los  Angeles,  Cal. 

HoLDEN,  James  O.  E Newcastle  Coal  Co.,  Ltd.,  Driimheller,  Alta,  Canada. 

HoRE,  Reginald  E,  Editor,  The  Ganadian  Mining  Journal,  44-46  Lombard  St., 

Toronto,  Ont.,  Canada. 

HowER,  Charles  L 738  Franklin  St,  Johnstown,  Pa. 

Huang,  Saosan  Ken Tayeh  Iron  Mines,  Tayeh,  Hupeh,  China. 

Hudson,  A.  W .' P.  O.  Box  436,  Butte,  Mont 

Huston,  Harby  L.,  Min.  Engr 708  Mills  Bldg.,  San  Francisco,  Cal. 

Ireland,  James  D 705  Fidelity  Bldg.,  Duluth,  Minn. 

Irwin,  David  D Morenci,  Aria. 

Jackson,  Walter  H..  Engr Golconda  Northern  Ry.,  Golconda,  III. 

Jenks,  Arthur  W.,  Care  H,  C.  Pemberton,  275  Calle  Alvear,  Jujuy, 

Argentine  Republic,  So.  America. 

Johns,  J.  Harry Thorsden,  Guildford  Rd.«  Woking,  Eneland. 

Johnson,  J.  E.,  Jr.,  Cons.  Engr.  and  Met 52  William  St,  New  York,  N.  Y. 

Jones,  Owen,  50  Addison  Mansions,  Blythe  Rd.,  W.  Kensington,  London,  W.,  England. 

Eeeney,  Robert  M Box  393,  Oakmont,  Pa. 

Kellogg,  Ralph  M P.  O.  Box  172,  Elko,  Nev. 

Kelly,  Edward Dover,  N.  J. 

Kenyon,  Percy Brookfield,  Currier  Lane,  Ashton-under-Lyne,  England. 

KiLBOURN,  William  D.,  Met.  of  Lead  Dept International  S.  &  R.  Co.,  Tooele,  Utah. 

Kinney,  H.  D Utah  Metal  Mining  Co.,  Bingham  Canyon,  Utah. 

Knapp,  S.  a..  Res.  Dir.,  American  Potash,  Inc., 

1111  Merchants  Natl.  Bank  Bldg.,  San  Francisco,  Cal. 

Koehler,  William E.  792  Lakeview  Rd.,  N.  E.,  Cleveland,  Ohio. 

KuRYLA,  M.  H.,  Rep.  Merrill  Metallurgical  Co., 

34  Edificio  del  Banco  de  Londres  y  Mexico,  Mexico  City,  Mexico. 
Ladd,  G.  E.,  Prest  of  New  Mexico  College  of  Agriculture  and  Mechanic  Arts, 

State  College,  N.  M. 

Lancaster,  Henry  M Care  Genl.  Delivery,  Cceur  d'AUne,  Idaho. 

Langton,  John,  Cons.  Engr 233  Broadway,  New  York,  N.  Y. 

Laudio,  O.  O 500  Maple  St.,  Battle  Creek,  Mich. 

Lavery,  V.  M 418  McCormick  Bldg.,  Chicago,  111. 
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Leuutd,  Evxrard,  Geol Shannon  Copper  Co.,  Metcalf,  Ariz. 

Lincoln^FbancisC.,  Res.  Engr.,  Bolivian  Dev.  <&  Exploitation  Co., La  Pas,  Boliria,  S.Am. 

L1ND8AT,  John  A.  M.,  B.  H.  P.  Co.,  Steel  Wka. Newcastle.  N.  S.  W.,  Australia. 

LoiraBJEBT,  Qborgk  a Care  First  National  Bank,  Nosales,  Aria. 

McCabt,  Robert,  Jb 202  Main  St,  Fort  Worth,  Tex. 

McGbath,  John.. Mexico  Mines  of  £1  Oro,  El  Oro,  Mex.,  Mexico. 

McKee,  J.  A 69  South  Boot  St,  Aurora,  111. 

McLeod,  Howard  D 1927  45th  Ave.,  8.  W.,  Seattle,  Wash, 

MacDonald,  M,  E.,  Zacatecas  Min.  &  Met.  Co 36  Wall  St.,  New  York,  N.  Y. 

Makita,  Tamaki 43  Kitahigakubocho,  Asabuku,  Tokyo,  Japan. 

Mabbiott,  F.  A ....Care  Willoughby's  Cons.,  Ltd.,  Bulawajo,  Rhodesia,  So.  Africa. 

May,JbbseJ 130  N.  4th  St.,  Mt  Vernon,  N.  Y. 

MsGRAW,  H.  A.,  Engrg.  and  Min.  Jovmal. .')05  Pearl  St.,  New  York,  N.  Y. 

Mentzsl,  Chablss. 29  Broadway,  New  York,  N.  Y. 

MooNEY,  J.  D.,  Sales  MauHger,  The  B.  F.  Goodrich  Co Akron,  Ohio. 

MoRBisoN,  Habold  A.,  Qlobe  Cons.  Mining  Co Dedrich,  Trinity  Co.,  Cal. 

MuBPHT,  Edwabd  M 166  lluntinffton  Ave.,  Boston,  Mass. 

NiCHOUB,  Horace G.,  Bainbridge,  Seymour  <& Co.,  353  Salisbury  House,  London,  E.C.,  Eng. 

OsBOBNE,  Charles  G Care  Consumers  Co.,  State  &  Quincy  Sta,  Chicago,  111. 

Osgood,  Samuel  W 4810  8t  Lawrence  Ave.,  Chicago,  111. 

Parker,  J.  L Burmis,  Alta.,  Canada. 

Patrick,  William  B 923  First  National  Bank  Bldg.,  Denver,  Colo. 

PoBTUOAL,  J.  H Corey  Apts.,  Esst  So.  Temple  St.,  Salt  Lake  City,  Utah. 

P08TLBTH WAITS,  R.  H Farms  Finance  Co.,  865  Monadnock  Bldg.,  Sin  Francisco,  Cal. 

PowEB,  Habold  T 1009  Merchants  Exchange  Bldg.,  San  Francisoo,  Cal. 

RAKOwgKY,  VicTOB Miami,  Okla. 

Randolph,  B.  S Tonoloway  Quarries,  Tonoloway,  via  Hancock,  Md. 

Rebce,  F.  B Inspiration  Cons.  Copper  Co.,  Miami,  Ariz. 

Reinhabdt,  G.  a.,  Met Youngstowu  Sheet  A  Tube  Co..  Youngntown,  Obia 

Rhodvb,  Willlam  B Care  L.  A.  Khodes,  Golden,  Colo. 

Rice,  John  A Drawer  994,  Hailevbury,  Ont.,  Canada. 

RicKABD,  Habold,  Care  Southern  Shan  States  Synd.  (1909),  Ltd.,  I^alaw, 

Southern  Shan  States,  Burma,  India. 

RoBBiNS,  Frank 1400  Hibernian  Bldg.,  Los  Angeles,  CaL 

Rodgebs,  j.  H 2338  10th  Ave.  N.,  Seattle,  Wash. 

R08B,  Edwabd  P 109  W.  Unaka  Ave.,  Johnson  City,  Tenn. 

Sandebs,  W.  E Sonora,  CkL 

Scarborough,  F.  W.,  Cons.  Engr Traveler's  Bldg..  Richmond,  Va. 

ScHNRiDEB,  Geobge  W 1730  Logan  St.,  Denver,  Colo. 

Shallcbosb.  Vincent  F.,  St.  George's  House,  117  St.  George's  Terrace,  Perth,  W.  Aust. 

Smith,  H.  DsWitt Santo  Domingo  City,  Santo  Domingo,  W.  I. 

811T8EB,  Alfred  E Canal  Dover,  Ohio. 

Stephen,  A.  E 63  Casthlereagh  St,  Sydney,  N.  S.  W.,  Australia. 

Thomas,  W.  F.  A 8  Victoria  Ave.,  Bishopsgate  St,  Liondon,  E.  C,  England. 

Thomas,  David  B Care  W.  R.  Cox,  165  Broadway,  New  York,  N.  Y. 

Thomas,  George  S 728  W.  Granite  St,  Butte,  Mont 

Thomas,  Marion  L 112  College  St,  Alliance,  Ohio. 

Thompson.  CharubD Honesdale,  Pa. 

ToLMAN,  C.  F.,  Jr Leland  Stanford,  Junior,  University,  Stanford  Univ.,  CaL 

Tkauerman,  Carl  J 832  Colorado  St.,  Butte,  Mont 

TcTTLB,  Arthur  L 119  Taylor  St,  San  Antonio,  Texas. 

Waoner,  Percy  A.,  Min.  Engr.  and  Geol P.  O.  Box  1277,  Pretoria,  South  Africa. 

Wallace,  Rorert Lovelock,  Nevada. 

Ward,  Ernest  £ Care  L.  D.  Smith,  R.  F.  D.  1,  Colfax,  Wash. 

Washburn,  C.  W U.  S.  Geological  Survey,  Washington,  D.  C. 

Wayne,  Frederick  S 1507  Otis  Bldg.,  Chicago,  111. 

Weed,  Walter  Harvey Houghton,  Mich. 

Weigall,  Henrt  S.,  Mgr Chosen  Gold  Mines,  Ltd.,  Care  F.  A.  Oldis,  Seoul,  Korea. 

Wells,  James  S.  C Canon  City,  Colorado. 

Whittier,  C.  C R.  W.  Hunt  &  Co.,  808  McArthur  Bldg.,  Winnipeg,  Man.,  Canada. 

Wildino,  Jakbb,  Jr 1009  Union  St,  Alameda,  Cal. 

Wilkins,  William,  Mgr Lake  Superior  Iron  &  Chemical  Co.,  Ashland,  Wis. 

Williams,  E.  H Care  Beachland  GasCo.,  Cleveland,  O. 

Wilmot,  H .  Clifford,  Mgr Syndicate  Mining  Co. ,  Aroroy ,  Masbate,  P.  I. 

WiLLBON,  Frederick  £ 851  Lombard  St,  San  Francisco,  Cal. 

Weiman,  Philip 1210  Hollingsworth  Bldg.,  Los  Anseles,  CaL 

Woodbury,  L.  S Prest.  Great  Falls  Iron  Wka,  P.  O.  Box  1503,  Great  Falls,  Mont. 
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Yatei,  Jamv Victor-American  Fael  Ca,  Oibsoo,  N.  M. 

Yocxo,  Geojuie  J.f  Prof,  of  Mining,  Minneiota  School  of  MincB,  Univ.  of  Minnesota, 

Minneapolis,  Minn. 

ADDBE88E8  OF  MeMBEBB  AND  ASSOCIATES  WaNTED. 
Vame .  Last  Addnst  of  Beoord ,  from  whleh  ICail  has  been  Eetnmed. 

Annstrong,  Richard  E., 416  £.  So.  2d  St,  Salt  Lake  atj,  Utali. 

Casej,  John  P., 1509  Montana  St.,  £1  Paso,  Tex. 

Cnrr,  Charles  N., Valdez,  Alaska. 

Darid,  W.  M., Care  C.  G.  Hnssey  db  Co.,  Second  Aye.,  Pitts- 

barff.  Pa. 

Ederheimer,  Leopold, Maine  Mining  &  Mfg.  Co.,  52  Broadway,  New 

York,  N.  Y. 

Ferguson,  Donald, P.  O.  Box  644,  Goldfield,  Nevada. 

Fergusson,  Hagh  B., 216  Loo  Bldg.,  Vanconyer,  B.  C,  Canada. 

Finletter,  John  R., 625  St  Francis  Hotel,  San  Francisco,  Cal. 

Geisendorfer,  Henrj  A  , Aris-Ney.  Copper  Co.,  Hillside,  A rir. 

Grove,  Independence, Ampsro  Mining  Co.,  Etsatlan,  JaL,  Mexico. 

Heywood,  William  A., 4  Broad  St  PL,  London,  £.  C,  England. 

Hollis,  B.  W., Silverton,  Colo. 

Horschitc,  Richard  J^ P.  O.  Box  453,  Hailevbury,  Ont,  Canada. 

Johnson,  Alexander  T., Yellow  Pine  Mining  Co.,  Good  Springs,  NeT. 

Johnson,  Dion  L., 325  Water  St,  Pittsbors,  Pa. 

Keller,  Cornelius  H., Apartado  134,  Parral,  Chih.,  Mexico. 

Kiddie,  Thomas, 884  Bute  St,  Vancouver,  B.  C, Canada. 

Lampshire.  John  O., Vulturo  Mine,  Wickenburg,  Aris. 

Lehmer,  Frank  W., CiaMinera  Zapoteca,  Ocotian,  Oax.,  Mexica 

Mclntire,  Robert, Keating  G.  M.  Co.,  Radersbuiv,  Mont 

MacKay,  Philip  A., "  Illinois,*' Winmuera  PL,  Melbourne,  Vic,  Australia. 

Malins,  Francis  A., Metates  Mine,  San  Marcos,  Sin.,  MexFco. 

Moore,  R07  W., P.  O.  Box  48,  Velasco,  Tex. 

Nelson,  D.  W.  C. , Baker  City,  Ore. 

Peterson,  Frank, H.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

Potter,  Charles  F., 215  First  National  Bank  Bldg.,  San  Fran- 
cisco, Cal. 

Rathbome,  Merwyn  R.  W., Amargosa,  via  Las  Vegas,  Nev. 

Reynolds,  Llewellyn, Socorro  Mines,  Mogollon,  N.  M. 

Russell,  Branch  E., Apartado  22,  Nscozari,  Son. ,  Mexico. 

Schroder,  Harold, English    and    Aust  Copper   Co.,   Wasatah, 

Tasmania. 

Stoddart,  A.  W., 638Salisbury  House,  London,  E.  C,  England. 

Sturges,  Harold, Oaxaca,  Oax.,  Mexico. 

Van  Ness,  William  W., 622  Salisbury  House,  London,  E.  C,  England. 

Vinicombe,  Robert  E.B.,     Post  Restante,  Vladikafkas,  So.  Russia. 

Watson,  Ralph  W., Calloo,  Utah,  Clifton  Mail  box. 

Webster,  Erastus  H., Hotel  Cosmopolite,  Guadalajara,  JaL,  Mexico. 

Willisms,  Edward  H., Beachland  Gas  Co.,  Cleveland,  Ohio. 

Willisms,  John  R., Care  Standard  Bank  of  So.  Africa,  10  Clem- 
ents Lane,  London,  E.  C,  England. 

Woods,  Clarence, Shawmut,  Cal. 

Necrology. 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
oflSce  during  the  months  of  July  and  August,  1913 : 

Date  of 
BleotioD.  Name.  DateofDeoease. 

1899,  **Gage,  Eliphulet  B., April  12,  1913. 

1886.      *Holden.  L.  E., .    • August  26.  1913. 

1  c'x'xf .  xvae^ing,  nenrr  d**        *        .       *  ■  •..••......••........... 

1905.       •Kennedy,  Neil,"    .       June  8,  1913. 

1893.       *Kennedv,  Orran  W., June  8,  1913. 

1904.       *8nyder,  "Baird, July  9,  1913. 

*  Member.  **  Life  Member. 


AmBBIOAN  IkSTITUTB   07  MlHINe  ENaiHUBS. 


STANDING  COMMITTEES. 

Executiv6, 
CHARLES  P.  RA.ND,  Chairman. 

JAMES  F.  KEMP.  JOSEPH  W.  RICHAEDS, 

ALBERT  R.  LEDOUX,  BENJAMIN  B.  THAYSE. 

AfemberBhip. 

BENJAMIN  B.  THAYER,  Chairman. 

WALTER  R.  INGALLS,  JOHN  H.  JANEWAY,  Jb., 

JOHN  D.  IRVING,  HERMAN  A.  PROSSER. 

Finance. 

EDWARD  L.  YOUNG,  Chairman, 

JAMES  OAYLEY. 
Library. 

JAMES  F.  KEMP,  Oiairman.^ 

JOHN  HAYS  HAMMOND,*  E.  OYBBON  SPILSBURY.* 

ALEX.  C.  HUMPHREYS.*  BRADLEY  STOUGHTON. 


EARL  EILERS, 


BRADLEY  STOUGHTON,  Ch. 
PHILIP  ARGALL, 
LEONARD  8.  AUSTIN, 
JOHN  BIRKINBIKE, 
WILUAM  H.  BLAUVELT, 
JOHN  C.  BRANNER, 
DAVID  W.  BftUNTON, 
GELA8I0  CAETANI, 
WILUAM  CAMPBELL, 
ALBERT  E.  CARLTON, 
A  J.  CLARE, 

NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON, 


Papers  and  Puhlieationi, 

JAMES  GAYLEY, 
C.  WILLARD  HAYES, 
HEINRICH  O.  HOFMAN, 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
WALTER  R.  INGALLS, 
JAMES  F.  KEMP, 
CHARLES  KIRCHHOFF, 
CHARLES  K.  LEITH, 
RICHARD  MOLDSNKS, 
SEELEY  W.  MUDD, 
HENRY  S.  MUNROE, 
R.  V.  N0RRI8. 
EDWARD  W.  PARKER, 


EDWARD  D.  PETERS, 
ROSSITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 
ROBERT  H.  RICHARDS, 
HEINRICH  RIBS, 
E.  F.  ROBBER, 
ALBERT  SAUVEUR, 
CHARLES  H.  SHAMBL, 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE. 
RALPH  H.  SWEBTSER, 
FELIX  A.  VOGEL. 
ARTHUR  L.  WALKBR, 
ROLLA  B.  WATSON. 


NOMINATING  COMMITTEE. 

JOHN  HAYS  HAMMOND,  Chairman. 
FREDERICK  G.  COTTRELL,  JAMES  W.  MALCOLMSON, 

CHARLES  W.  GOODALE,  RICHARD  8.  McCAFFERY, 

CHESTER  F.  LEE,  ROBERT  H.  RICHARDS. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP. 

C.  R.  CORNING,  Chairman. 

ADOLPHE  E.  BORIE.  First  Vice- Chairman. 

THOMAS  T.  READ,  Secretary,  Woolworth  Bldg.,  New  York,  N.  Y. 


JOHN  H.  ALLEN, 

RICHARD  M.  ATWATER,  Jr., 

GEORGE  D.  BARRON, 

A.  CHESTER  BEATTY, 

J.  PARKE  CHANNING, 


Vice'Ckairmen, 


GEORGE  M.  COLVOCORESSB8, 
ROBERT  PEELE, 
CHARLES  P.  PERIN. 
JOSEPH  A.  VAN  MATER, 
ARTHUR  L.  WALKER. 


D.  C.  BARD, 
W.  Dl  L.  BENEDICT, 
JOHN  a  BRANNER, 
PALMER  CARTER, 
ALLAN  J.  CLARK, 
F.  CRABTREE, 
GEORGE  O.  CRAWFORD, 
0,  C.  DAVIDSON, 
K.  V.  D-INVILLIERS, 
JAMES  8.  DOUGLAS, 
WALTER  DOUGLAS, 
HOWARD  N.  SAVENSON, 
HOWARD  ECKFBLDT, 
K.  C.  GEMMELL, 


F.  LOUIS  GRAMMER. 
ERNEST  A.  HERSAM, 
EDWIN  C.  HOLDEN, 
WILLIAM  L.  HONNOLD, 
REGINALD  E.  HORE, 
TEDA8HIR0  INOUYE, 
C.  COLCOCK  JONES, 
EUGENE  P.  KENNEDY, 
CHESTER  F.  LEE, 
RICHARD  S.  McCAFFERY, 
JAMES  F.  MCCLELLAND, 
MILTON  H.  MCLEAN, 
PHILIP  N.  MOORE, 


T.  H.  0*BRIEN, 
JAMES  J.  ORMSBEE, 
EDWARD  W.  PARKER, 
JOHN  B.  PORTER, 
F.  DANVERS  POWER, 
R.  M.  RAYMOND, 
ROBERT  H.  RICHARDS, 
LeROY  SALSICH, 
HENRY  LLOYD  SMYTH, 
F.  W.  TRAPHAGEN, 
ELTON  W.  WALKER, 
CHO  YANG. 
MORRISON  B.  YUNG. 


'  Until  Feb. ,  1914.    •  Until  Feb.  ,1916.    » Until  Feb. ,  1916.     *  UnUl  Feb. ,  1917. 
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TECHNICAL  COMMITTEES. 
Iron  and  Sud, 

CHARLES  EIRCHHOFF,  Chatrman. 

ALBERT  SAUVEUR,  VUse-Chatnum, 

A  A  STEVENSON,  Vioe-Chairman, 

HERBERT  M.  BOYLSTON,  Seertiaryt  Abbot  Bldg.,  Harvard  Sq.,  Cambridge,  Maas. 

JOHN  BIRKINBINE.  JOSEPH  W.  RICHARDS, 

WILLIAM  H.  BLAUVELT,  C.  F.  W.  RYS. 

JAMES  QAYLEY.  E.  GYBBON  6PIL8BURY, 

HENRY  D.  HIBBARD.  J.  8.  UNGER, 

HENRY  M.  HOWE,  FEUX  A.  VOGEL, 

ROBERT  W.  HUNT,  LEONARD  WALDO, 

J.  E.  JOHNSON,  Jb.,  WILLIAM  R.  WALKER, 

WILLIAM  KELLY.  WILUAM  R.  WEBSTER, 

RICHARD  MOLDENKE,  FREDERICK  W.  WOOD. 

Precious  and  Base  Metals, 

CHARLES  W.  GOODALE,  Chairman. 
L.  D.  RICKETTS,  Viee-Chainnan. 
DARSIE  C.  BARD,  Secretary,  Montana  State  School  of  Mines,  Butte,  Mont 


LEONARD  S.  AUSTIN. 
DAVID  W.  BRUNTON. 
THEODORE  B.  C0M8T0CK, 
STANLEY  A.  EASTON, 
SAMUEL  S.  FOWLER, 
THOMAS  J.  GRIER, 
HENNEN  JENNINGS, 


EDMUND  B.  KIRBY, 
CHARLES  W.  MERRILL, 
WILLET  G.  MILLER, 
ALBERT  F.  SCHNEIDER, 
GEORGE  C.  STONE, 
BENJAMIN  B.  THAYER. 


Mining  Otology. 


JAMES  F.  KEMP,  Chaiman. 
JOHN  W.  FINCH,  Vice-aiaibrman.  R.  A.  F.  PENROSE,  Jb.,  ino^OuOrman. 

L.  C.  GRATON,  Secretary,  Harvard  Geological  Musenm,  Cambridge,  Mass. 

RALPH  ARNOLD,  EZEQUIEL  ORDONEZ. 

H.  FOSTER  BAIN,  WILUAM  B.  PHILLIPS, 

JOHN  M.  BOUTWELL,  JOSEPH  H.  PRATT. 

H.  A.  BUEHLER,  F.  L.  RANSOME, 

MARIU8  R.  CAMPBELL.  HEINRICH  RIES, 

WILLIAM  H.  EMMONS,  RENO  H.  SALES, 

HENRY  LANDES,  WILLIAM  G.  SHARP, 

ALFRED  C.  LANE,  HENRY  L.  SMYTH, 

CHARLES  K.  LEITH,  JOSIAH  E.  SPURR, 

R.  V.  NORRIS.  HORACE  V.  WINCHELL. 

Mining  Methods, 

J.  PARKE  CHANNING,  Chairman. 

DAVID  W.  BRUNTON,  Vic^Chairman.  H.  C.  HOOVER,  Vice-Chairman. 

,  Secretary. 


TRUMAN  H.  ALDRICH, 
R.  B.  BRINSMADE, 
DOUGLAS  BCNTING, 
LOUIS  S.  GATES, 
CHARLES  CATLETT, 
R.  M.  CATLIN, 
CHARLES  A.  CHASE, 
8.  B.  CHRISTY, 
F.  W.  DENTON, 
E.  V.  D'INVILLIERS, 
STANLEY  A.  EASTON, 
J.  R.  KINLAY. 


R.  C.  GEMMELL, 
JOHN  GILLIE. 
HARRY  A.  GUESS, 
THOMAS  J.  GRIER. 
JOSEPH  A.  HOLMES, 
WILLIAM  L.  HONNOLD, 
JAMES  E.  JOPLING, 
ROBERT  A.  KINZIE. 
C.  B.  LAKENAN, 
THOMAS  H.  LEGGETT, 
J.  F.  MCCLELLAND, 
JAMES  MAC  NAUGHTON, 
SEELEY  W.  MUDD, 


H.  S.  MUNROE. 
W.  J.  OLCOTT. 
JOHN  B.  PORTER, 
MILNOR  ROBERTS, 
OSCAR  ROHN. 
W.  L.  SAUNDERS, 
H.  L.  SMYTH. 
ARTHUR  THACHER, 
B.  W.  VALLAT. 
SAMUEL  D.  WARRINER, 
GEORGE  WEIR. 
BULKLEY  WELLS. 


FRANCIS  O.  BLACKWELL, 
CHARLES  W.  GOODALE, 


The  Use  of  Electricity  in  Mines. 

WILLIAM  KELLY,  Chairman. 
JOHN  LANGTON,  LOUIS  S.  NOBLE, 

THOMAS  H.  LEGGETT,  DAVID  B.  RUSHMORE. 

FREDERICK  W.  O'NEIL. 


American  Instituti  or  Mining  Enqinbbbs.  xzxi 

EXECUTIVE  CX)MMITTEE8  OF  LOCAL  SECTIONS. 

New  York. 

LOUIS  D.  HUNTOON,  Chainnan, 
ARTHUR  8.  DWIGHT,  Vice-Chairman. 
THOMAS  T.  READ,  Secretary,  Woolworth  Bldg.,  New  York,  N.  Y. 

E.  MALTBY  8HIPP.  Treaturer. 
GEORGE  F.  KUNZ,  W.  Dl  L.  BENEDICT. 

Boston. 

ROBERT  H.  RICHARDS,  Chainnan. 

ALBERT  SAUVEUR,  Vtee-Chairnum. 

AUGUSTUS  H.  EU8TIS,  Seeretary-Treaturtr,  131  State  St.,  Boston,  Maok 

TIMOTHT  W.  SPRAGUE,  QENRY  A.  WENTWORTH. 

Spokane, 
RICHARD  S.  McCAFFERY,  Chairman. 
GLENVILLE  A.  COLLINS.  Vux-Chainnan. 
LYNDON  K.  ARMSTRONG,  SecretarylYeatwrer,  P.  O.  Drawer  2164,  Spokane,  Waah. 
FRANCIS  A.  THOMSON,  JAMES  F.  MCCARTHY. 

Pugei  Sound. 
CHESTER  F.  LEE,  Chairman. 
C.  R.  CLAGHORN,  Vice-Ckainnan. 
JOSEPH  DANIELS,  Secretary-Treanurtr,  Univ.  of  Washington,  Seattle,  Waah. 
W.  C.  BUTLER,  M.  K.  R0DGER5. 

Southern  Ckdifomia. 
THEODORE  B.  COMSTOCK,  Chairman. 
SEELEY  W.  MUDD,  Vtoe-Ckairman, 
FREDERICK  J.  H.  MERRILL,  Secretarv-Trtamirer,  800  Germain  Bldg.,  Los  Angeles,  Cal. 

C.  COLCOCK  JONES,  FRANK  BOBBINS. 

Colorado  CommiUee, 

VICTOR  C.  ALDERSON,  autbrman. 
F.  H.  B08TWICK,  S.  A.  lONIDES, 

£.  L£  NEVE  FOSTER,  CHARLES  J.  MOORE. 

San  Franeitco  Committee. 

S.  B.  CHRISTY,  Chairman, 
H.  FOSTER  BAIN,  H.  C.  HOOVER. 

EDWARD  H.  BENJAMIN,  WILLIAM  C.  RAUSTON, 

F.  W.  BRADLEY. 

SL  Louis  Conanitiee. 

HERBERT  A.  WHEELER,  Chairman. 

FIRMIN  V.  DESLOGE,  PHILIP  N.  MOORE, 

HARRY  A.  GUESS,  HARRY  H.  STOEK, 

WALTER  E.  MCCOURT. 

INSTITUTE  BEPBESENTATIVES. 

United  Engine/ering  Society  Trustees. 
THEODORE  DWIGHT,i  JAMES  F.  KEMP,'  JOSEPH  STRUTHERS,« 

Library  Board  of  Control. 

JAMES  F.  KEMP,  CHARLFS  F.  RAND, 

CHARLES  KIRCHHOFF,  GEORGE  C.  STONE, 

BRADLEY  STOUGHTON. 

John  Fhtz  Medal  Board  of  Avmrd 
R,  V.  N0RRI8,»  JAMES  F.  KEMP,> 

CHARLES  KIRCHHOFF,^  ALBERT  SAUVEUR,* 

General  OoT^erenee  Committee  of  Engineering  Societies. 
BENJAMIN  B.  LAWRENCE,  J.  PARKE  CHANNING 

Conanittee  of  Management^  Intemaiumal  Engineering  Congress,  1915. 
EDWARD  H.  BENJAMIN,  NEWTON  CLEAVELAND,  CHARLES  F.  RAND, 

E.  FOSTER  BAIN,  WILLIAM  S.  NOYES,  BRADLEY  STOUGHTON. 

American  Association  for  the  Advancement  of  Science. 
HEINRICH  O.  HOFMAN,  JOHN  D.  IRVING. 

Committee  on  Paient  Law  Legislation. 
HENNEN  JENNINGS,  A.  F.  LUCAS,  GARDNER  F.  WILLIAMS. 

Advisory  Board  of  the  National  Conservation  Congress. 

HENRY  S.  DRINKER. 


*  Until  Feb.,  1914.    *  UntU  Feb.,  1915.    »  Until  Feb.,  1916.     *  Until  Feb.,  1917. 
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OFFICERS  AND  DIRECTORS. 
For  the  year  ending  February,  1914. 

Pbesidxht. 
CHARLES  F.  RAND,»     New  Yobk,  N.  Y. 

Past  Pbebioents. 

CHARLES  KIRCHHOFF,» New  Yobk,  N.  Y. 

JAMES  F.  KEMP,« New  Yobk,  N.  Y. 

F1B8T  Viob-Pbebidxnt. 
BENJAMIN  B.  THAYER,* New  Yobk,  N.  Y. 

Tbeasubeb. 
GEORGE  0.  STONE,* New  Yobk,  N.  Y. 

Secbbtaby  Ekbbitus. 
ROSSITER  W.  RAYMOND, New  Yobk,  N.  Y. 

Sbcbetaby. 
BRADLEY  STOUGHTON, New  Yobk,  N.Y. 

Vioe-Fbebidents. 

KARL  EILERS,* Dirtrict  0 New  Yobk,  N.  Y. 

WALDEMAR  LINDGREN,* Dintrict  1 Boston,  Mass. 

BENJAMIN  B.  THAYER,* District  0 New  Yobk,  N.  Y. 

SIDNEY  J.  JENNINGS,* District  0 New  Yobk,  N.  Y. 

THOBiAS  H.  LEGGETT,* District  0 New  Yobk,  N.  Y. 

FRED  W.  DENTON,' District  4 Paiwbbdaxe,  Mich. 

DiBEOTOBS. 

JAMES  DOUGLAS,* District  0 New  Yobk,  N.  Y. 

JAMES  GAYLEY,* District  0 New  Yobk,  N.  Y. 

ALBERT  R.  LEDOUX,* District  0 New  Yobk,  N.  Y. 

CHARLES  W.  MERRILL,* District  6 San  Fbancisoo,  Cal. 

C.  SNELLING  ROBINSON,* District  3 Youngstown,  Ohio. 

EDMUND  B.  KIBBY,« District  3 St.  Louk,  Mo. 

JOSEPH  A.  HOLMES,* District  9 Washington,  D.  C 

ROBERT  W.  HUNT,* District  3 Chicago,  III. 

GEORGE  C.  STONE,* District  0 New  Yobk,  N.  Y. 

EDWARD  L.  YOUNG,* District  0 New  Yobk,  N.  Y. 

JOHN  W.  FINCH,' District  7 Dbnvbb,  Colo. 

JOHN  H.  JANEWAY,  Jb.,* District  0 New  Yobk,  N.  Y. 

EDWARD  P.  MATHEWSON.'   ....  District  5 Anaconda,  Mont. 

JOSEPH  W.  RICHARDS,* District  2 South  Bethlehem,  Pa. 

L.  D.  RICKETTS,* District  10 Cananea,  Son.,  Mexico. 


*  Until  Feb.,  1914.     *  Until  Feb.,  1915.     •  Until  Feb.,  1916. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[subject  to  xxtibxon.] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  prefersbly  be  presented  in  person  at  the 
Butte  meednct  Aug.  18  to  21, 1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impoanble,  then 
ducuasion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Encineers,  29  West  39th 
Str«et.  New  YorkT^.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its  author.  Unless 
special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Oct.  1,  1913,  when  Vol.  XLVI.  of  the 
Tnnmeiunu  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new 
paper  for  publication  in  VoL  XLvII.  (with  suitable  cross  references  in  both  volumss)* 


Rodc-Drilling  Economics. 

BY  W.  L,  SArNDERS.  NEW  YORK,  N.  Y. 
(Butte  Meeting.  August.  1913.) 

Importance  of  Rock  Drilling. 

It  has  been  estimated  that  the  value  of  the  mineral  products  of  the 
United  States  is  about  $2,000,000,000  a  year;  that  about  $25,000,000  is 
expended  annually  for  explosives  and  that  about  double  this  sum  is  paid 
in  wag^  where  blasting  is  done.  The  value  of  the  mineral  products  does 
not  adequately  express  the  importance  of  the  industry  involved  in  the 
excavation  of  rock  and  ore  because  of  the  enormous  sums  of  money  ex- 
pended in  tunnel  driving,  in  quarries,  and  in  open-cut  excavation  generally. 
We  know  that  the  Catskill  Aqueduct  in  the  neighborhood  of  New  York, 
which  is  now  nearing  completion,  has  cost  some  $165,000,000  and  that 
about  one-third  of  this  may  be  rated  as  rock  excavation.  These  illustra- 
tions are  given  in  order  to  call  attention  to  the  great  importance  of  an 
industry  the  extension  and  development  of  which  in  our  industrial  life 
depend  so  much  upon  the  economics  of  rock  drilling. 

Reference  has  been  made  to  the  new  Catskill  Aqueduct.    There  are 

three  aqueducts  leading  into  New  York,  each  built  at  periods  separated 

by  some  20  years  of  time.    The  first  one,  known  as  the  Old  Aqueduct, 

conveys  the  waters  of  the  Croton  river  to  New  York  City  in  a  manner 

which  reminds  one  of  the  old  Roman  aqueducts,  the  ruins  of  which  are 

still  in  evidence.    The  engineers  who  laid  out  these  old  conduits  sought 

to  direct  their  lines  around  the  hills  and  into  the  valleys,  at  all  times 

avoiding  the  rock.   When  it  was  necessary  to  cross  a  river  or  a  deep  ravine, 

a  bridge  or  causeway  was  constructed.    High  Bridge,  over  the  Hfkrlem 

river,  is  an  arched  masonry  viaduct  differing  in  no  essential  features  from 

the  aqueducts  of  the  Romans.    When  the  second  Croton  Aqueduct  was 

built,  about  the  year  1890,  the  art  of  drilling  rock  had  been  so  far  perfected, 

and  the  use  of  explosives,  through  the  invention  of  dynamite,  had  become 

so  general,  that  this  waterway  was  planned  and  executed  on  straight  lines, 

following  rather  than  avoiding  the  rock.    The  second  Croton  Aqueduct 

is  a  tunnel  through  rock,  about  32  miles  in  length;  material  gneiss,  almost 

M  hard  as  granite.    Its  construction  was  made  practicable  by  sinking 
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shafts  about  one  mile  apart,  thus  providing  multiple  points  of  attack  and 
also  serving  to  ventilate  the  headings.  This  second  aqueduct  siphoned 
the  water  underneath  the  Harlem  river.  This  32-mile  tunnel  was  built  in 
five  years.  The  Catskill  Aqueduct,  now  nearing  completion,  not  only 
followed  the  rock  wherever  it  was  available,  but  it  passed  under  several 
rivers  and  actually  conducts  its  water  underneath  the  Hudson,  where 
rock  was  sought  and  found  at  a  depth  t>f  a  quarter  of  a  mile  below  the 
surface. 

Pliny  gives  us  a  description  of  what,  so  far  as  we  know,  was  the  first 
long  tunnel  driven  in  the  history  of  the  world.  This  tunnel  was  about  3.5 
miles  long  and  from  6  to  10  ft.  in  diameter.  Forty  shafts  were  sunk  in 
order  to  expedite  the  work,  and  it  is  said  that  30,000  men  were  employed 
for  11  years  in  its  construction.  The  fact  that  this  tunnel  and  most  of  the 
ancient  timnels  in  the  vicinity  of  Rome  were  driven  through  lime  rock 
enables  us  to  understand  how  it  was  even  possible  to  build  them.  Lime- 
stone is  the  easiest  material  to  perforate,  and  it  is  likely  that  here  the 
ancient  system  of  "firing"  was  used.  Firing  consisted  of  building  a  woc^d 
fire  close  to  the  rock  and  throwing  water  against  the  hot  surfaces,  causing 
them  to  flake.  With  lime  rock  the  material  would  very  likely  be  softened 
so  that  chisels  might  be  used  to  advantage. 

What  is  true  o'  aqueducts  is  also  true  of  railway  tunnels  and  mines. 
The  Hoosac  Tunnel  in  Massachusetts  developed,  though  it  did  not  perfect, 
the  rock  drill.  It  was  said  after  the  completion  of  this  work  that  only  the 
treasury  of  a  State  made  it  possible  to  drive  this  tunnel  by  machinery. 
Had  the  mechanical  engineer  neglected  the  study  of  rock-drill  economics 
it  is  doubtful  that  any  further  attempts  would  have  been  made  to  drive 
hard-rock  tunnels  by  machinery,  but  the  Hoosac  was  followed  by  the 
Musconetcong,  driven  from  portal  to  portal  by  machinery.  Then  we  have 
^  the  Palisades,  the  Cascade,  the  Busk,  and  numerous  other  large  railway 
tunnels  made  possible  because  the  rock  drill  had  been  simplified  and  made 
efficient.  In  Europe  the  great  Alpine  tunnels,  known  as  the  St.  Gothard, 
Arlberg,  Simplon,  and  Loetschberg,  one  of  them  (the  Simplon)  being  a 
continuous  tunnel  without  shafts  for  a  distance  of  12.25  miles,  were  made 
practicable  by  the  efficiency  of  the  rock  drill. 

We  seldom  stop  to  think  how  important  the  rock  drill  has  been  in  our 
industrial  progress.  Dr.  Raymond  has  said  that  it  is  the  foundation  of 
all  the  work  of  the  mining  engineer.  Railroads,  even  in  America,  might 
have  successfully  followed  the  foot-hills  and  hand  drilling  might  have 
been  a  feeble  substitute  for  the  rock  drill  in  leading  through  impassable 
barriers,  but  railway  efficiency  would  have  fallen  far  short  of  its  present 
status  and  the  cost  of  transportation  by  rail  would  have  been  greater 
than  it  is  at  present.  In  this  we  are  able  to  see  that  the  civil  engineer 
might  possibly  have  survived  without  rock-drill  economics,  but  not  so 
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with  the  mining  engineer.  The  history  of  modem  mining  engineering  is 
closely  related  to  the  history  of  progress  in  the  art  of  building  a  rock  drill. 
Our  so-called  precious  metals  would  have  been  indeed  precious  without 
this  valuable  auxiliary.  The  wealth  of  the  world,  especially  in  its  gold, 
silver,  copper,  sine,  lead,  and  tin,  would  have  been  enormously  curtailed, 
limited  by  an  inability  to  increase  the  output  in  proportion  to  the  demand, 
and  further  limited  by  the  fact  that  low-grade  propositions  could  not  have 
been  worked  at  all.  Examples  of  this  are  seen  in  the  Homestake,  the 
Alaska  Treadwell,  the  mines  of  South  Africa,  and  in  most  of  the  important 
mines  of  Michigan,  which  though  once  high-grade  are  now  low-grade 
properties. 

Evolution  of  the  Rock  Drill. 

As  late  as  October,  1910,  -E.  M.  Weston,  of  the  Transvaal  University 
College,  writing  on  the  subject  of  rock  drills,  said :  '^  There  is  much  vacant 
ground  for  careful  and  intelligent  experiment  and  invention.  Hammer 
drills  are  only  now  being  developed,  designs  are  changing  every  month, 
difficulties  are  being  overcome  and  sometimes  new  ones  encountered; 
nor  has  the  last  word  been  said  in  the  design  of  piston  drills."  No  better 
excuse  may  be  given  for  this  paper  at  this  time  than  the  fact,  now  generally 
admitted,  that  in  the  last  two  or  three  years  the  study  of  rock  drill  eco- 
nomics has  been  pursued  so  vigorously  and  so  successfully  that  in  design, 
material,  and  workmanship  the  rock  drill  of  to-day  is  a  superior  machine, 
doing  more  work,  standing  up  to  its  work  longer  and  better  adapted  to 
conditions  heretofore  unknown  than  the  machines  of  the  past.  Lighter 
in  weight,  and  more  easily  handled  by  the  operator,  it  is  an  aid  to  the 
miner  in  very  materially  reducing  the  cost  of  ore  per  unit  of  labor,  repairs, 
and  power  consumption.  There  has  in  fact  been  an  evolution  in  the 
rock  drill  from  a  piece  of  steel  with  a  bit  on  the  end  of  it,  struck  by  the 
hand  of  an  operator,  to  a  similar  piece  of  steel  struck  by  a  power  hammer. 
Between  these  two  extremes  we  have  seen  the  jumper,  the  hand-operated 
drill,  and  the  power-driven  machine,  which  started  with  the  cumbersome 
rock  driU  of  J.  J.  Couch,  about  1850,  followed  by  the  reciprocating  machine 
of  Joseph  W.  Fowle  a  few  years  later,  Fowle's  original  idea  of  the  cutting 
tool  being  an  extension  of  the  piston  rod  continuing  to  hold  supremacy 
in  many  simplified  forms  up  to  a  very  recent  period. 

It  is  interesting  to  follow  the  evolution  of  the  percussive  type  of  rock 
drill.  We  must  bear  in  mind  that  there  are  two  distinct  types  of  power- 
driven  machines — the  reciprocating  and  the  hammer  drill.  Fowle's  first 
machine  was  moimted  upon  wheels  and  weighed  several  thousand  pounds. 
The  Burleigh  drill,  which  was  a  development  of  Fowle's  invention, 
Burleigh  having  purchased  the  Fowle  patents,  was  a  machine  mounted 
either  upon  a  carriage  or  a  tripod,  but  in  any  case  it  was  difficult  to  get 
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the  weight  below  a  thousand  pounds.  Andr6  in  his  admirable  work  on 
coal  mining,  published  a  generation  ago,  states  that  a  machine  rock-drill 
should  be  "simple  in  construction  and  strong  in  every  part."  He  follows 
this  with  the  statement  that  it  should  be  "as  light  in  weight  as  can  be 
made  consistent  with  the  first  condition."  The  problem  in  percussive 
drills  has  always  been  to  reduce  the  weight,  provided  in  so  doing  the 
strength  of  the  machine  is  not  brought  below  the  breaking  point.  The 
struggle  to  reduce  the  weight  at  first  met  with  considerable  success  when 
air  pressures  of  from  40  to  60  lb.  were  in  vogue.  It  was  found,  however, 
that  it  paid  in  mining  work  to  use  high  air  pressures  and  this  at  first 
interfered  with  the  efforts  made  by  engineers  to  bring  down  the  weight. 
There  was  even  a  period,  some  20  years  ago,  when  some  engineers  advocated 
heavy  rock  drills  as  best  and  most  efficient  in  the  end.  Successful  con- 
tractors specified  large  machines,  claiming  that  by  their  use  they  were 
able  to  increase  the  air  pressure,  to  get  a  heavier  blow,  to  save  up-keep 
expenses  and  to  reduce  the  cost  of  excavation.  Heavy  drills  invariably 
called  for  heavy  moimtings,  and  here  is  where  an  added  difficulty  was 
experienced,  because  heavy  mountings  were  cumbersome  underground, 
they  were  in  the  way,  it  was  necessary  to  employ  more  men  to  handle 
them  and  they  could  not  be  used  at  all  in  narrow  places.  Here  began 
the  struggle  for  supremacy  between  the  percussive  and  the  hammer 
types, — a  struggle  which  has  recently  resulted  in  the  adoption  of  the 
hammer  type  as  the  most  useful  drill  for  general  mining  purposes. 

The  Modern  Rock  Drill. 

The  mining  drill  at  the  present  time  is  a  machine  which  weighs  from 
60  to  150  lb.  It  is  largely  a  one-man  machine,  though  under  many 
conditions  of  work  it  is  still  best  to  add  a  helper.  The  percussive  or 
piston  type  still  holds  its  supremacy  for  heavy  work,  even  in  mines  where 
large  stopes  are  encountered,  as,  for  instance,  at  the  Homestake,  but  this 
percussive  drill  is  now  a  machine  which  safely  withstands  pressures  of 
from  100  to  110  lb.  and  its  weight  has  been  considerably  reduced  because 
of  changes  made  in  both  design  and  material.  This  type  of  drill  now  used 
in  the  stopes  at  the  Homestake  weighs  137  lb.  unmounted,  and  mounted 
on  column  with  arm  about  375  lb.  Its  work  is  chiefly  in  down-holes. 
Each  part  of  the  machine  represents  a  study  in  material.  The  metal 
itself  and  the  treatment  it  receives  in  the  shops  are  both  regulated  in 
accordance  with  the  work  that  each  particular  part  has  to  perform.  All 
our  knowledge  of  metallurgy  is  taken  advantage  of  in  the  construc- 
tion of  the  drill.  The  xjast  iron  is  not  ordinary  cast  iron.  It 
resembles  it  only  in  that  the  metal  is  cast.  The  composition  is  made 
up  to  suit  rock-drill  service  and  the  metal  is  treated  with  special  reference 
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to  the  work  it  is  to  do.  The  steel  is  not  common  steel,  but  it  is  alloyed 
to  suit  each  particular  part.  It  receives  a  hot,  crude  oil  bath  and  it  goes 
through  many  processes  before  it  is  finally  coupled  up  with  the  other 
parts  into  a  complete  drill.  Special  metal  and  special  treatment  are  not 
confined  to  the  piston  or  percussive  type,  but  they  apply  equally  to  the 
hammer  type.  In  fact,  it  was  because  of  the  necessity  for  lighter  weight 
and  greater  strength  in  the  hammer  type  that  the  study  of  the  metallurgy 
of  the  rock  drill  was  initiated  and  carried  to  a  successful  issue. 

The  first  great  improvement  made  in  the  piston  or  percussive  type  has 
been  in  the  metal  used,  and  this  has  resulted  in  greater  strength,  greater 
durability,  and  a  lighter  weight  of  machine  for  higher  pressures.  There 
has  also  been  a  change  in  design,  which  in  the  main  has  been  confined  to 
the  valve  motion.  The  chief  aim  of  the  designer  has  been  to  get  greater 
speed.  This  means  a  greater  number  of  blows,  and  in  order  to  do  this 
valves  have  been  provided  which  open  and  close  quickly  and  which  have 
large  ports.  It  is  obvious  that,  other  things  being  equal,  a  piston  type  of 
drill  of  large  piston  area  will  do  more  work  than  the  same  type  of  drill 
with  a  smaller  area.  The  larger  machine,  which  drills  more,  is  handicapped 
by  its  weight,  and  when  the  net  eflSciency  is  figured  up  it  has  been  found 
that  it  sometimes  pays  to  get  less  drilUng  capacity  with  a  machine  which 
is  more  readily  handled.  Here  the  question  of  upkeep  is  introduced, 
because  generally  speaking  the  heavy  type  of  machine  costs  less  for  repairs 
than  the  lighter  type.  The  designer,  taking  all  these  things  into  con- 
sideration, has  sought  to  increase  the  diameter  of  the  piston  so  as  to  pro- 
vide the  drilling  capacity  of  the  heavy  type  with  a  machine  of  considerably 
less  size  and  weight.  This  has  in  a  measure  been  accomplished  by  the 
use  of  superior  material  and  a  design  which  shortens  the  piston,  putting 
the  extra  bearing  into  the  front  head,  where  it  is  lighter.  Through  the 
use  of  a  type  of  valve  known  as  the  butterfly  a  quick  opening  of  large 
area  is  provided,  thus  increasing  the  number  of  strokes  and  thereby 
bringing  up  the  drilling  capacity.  This  has  been  done  with  no  increase 
in  air  consumption  that  is  not  compensated  for  by  increased  drilling 
power. 

Air  consumption  in  rock  drills  is  much  misunderstood.  Assuming  that 
the  piston  and  valves  are  tight,  in  other  words,  where  there  is  no  leakage, 
air  consumption  is  usually  dependent  upon  the  number  of  strokes  delivered. 
It  is  assumed,  of  course,  that  a  constant  diameter  and  length  of  stroke 
are  used  and  that  the  pressure  is  uniform.  It  is  plain  that  if  we  are  able 
to  utilize  air  or  steam  at  100  lb.  gauge  pressure  for  the  full  length  of  stroke 
when  a  percussive  drill  delivers  its  blow  we  are  going  to  get  the  best  results 
m  drilling  capacity;  that  is,  we  are  going  to  get  the  hardest  blow  that  is 
commensurate  with  the  diameter,  length  of  stroke,  and  pressure  of  the 
machine.    If  this  blow  is  too  hard,  that  is,  if  it  breaks  the  steel,  destroys 
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the  bit,  or  creates  a  condition  where  the  drill  is  unmanageable  on  its 
mounting,  then  we  have  the  alternative  of  reducing  the  size  of  the  machine 
and  in  this  way  getting  lighter  weight,  which  is  always  desirable  when  it 
is  consistent  with  the  other  conditions.  We  all  know  that  the  class  of 
rock  usually  determines  whether  or  not  we  are  striking  too  hard  a  blow, 
but  assuming  that  the  class  of  rock  is  uniform,  or  that  it  is  determined  and 
imderstood,  the  engineer  is  obviously  justified  in  providing  a  drill  whicli 
will  strike  the  hardest  blow  that  the  machine  and  the  rock  will  stand 
without  destructive  consequences.  We  see,  therefore,  how  important 
it  is  to  start  with  a  machine  which  has  a  valve  motion  and  ports  so 
designed  that  the  fujl  power  pressure  will  follow  the  piston  the  full  stroke 
until  the  blow  is  delivered.  Having  this  condition,  as  light  a  machine 
should  be  used  as  will  stand  up  to  the  work. 

It  naturally  occurs  to  one  that  a  quick-opening  valve  and  a  large  port 
will  bring  about  greater  speed,  but  the  question  is  asked,  is  not  this  condi- 
tion wasteful  in  air  consumption  on  the  return  or  back  stroke?  It  will 
be  generally  admitted  that  it  pays  to  get  the  blow,  but  why  should  the 
same  conditions  that  give  us  the  blow  obtain  when  the  piston  returns  for 
another  stroke?  There  are  two  reasons  why  this  is  advantageous.  One 
is,  that  the  pull-back  on  a  piston  t3rpe  of  rock  drill  is  sometimes  of  as  great 
importance  in  the  long  run  a«  the  blow.  A  weak  pull-back  reduces  the 
speed  of  the  machine,  causing  it  to  come  back  more  slowly  than  it  went 
forward,  and  it  has  the  further  disadvantage  that  holes  that  are  not 
straight,  or  which  are  out  of  roimd,  and  where  seams  and  other  irregularities 
are  encountered,  will  act  to  retard  the  steel  during  its  reciprocations. 
This  considerably  reduces  the  efficiency  of  the  machine,  not  only  because 
it  cuts  down  the  number  of  blows  delivered,  but  because  it  weakens  the 
strength  of  blow.  The  steel  is  held  back  in  its  effort  to  reach  the  full 
stroke  and  a  labored  blow,  with  sometimes  a  shorter  stroke,  is  the  result. 
Now  it  is  quite  true  that  in  good,  clean,  hard  rock,  without  seams,  and 
where  holes  are  drilled  to  reasonable  depths,  it  might  pay  to  save  air  on 
the  return  stroke.  As  a  matter  of  fact,  this  is  always  done  in  a  piston 
drill  because  the  diameter  of  the  rod  must  be  subtracted  from  the  piston 
area.  The  percussive  piston  type  of  drill  is  naturally  a  compounded 
machine  which  hits  a  harder  blow  for^vard  than  backward,  because  it 
has  the  full  piston  area  at  one  end  and  a  reduced  area  at  the  other.  It  is 
not  a  difficult  matter  to  regulate  this  to  any  degree  desired  by  increasing 
or  decreasing  the  size  of  the  piston  rod  or  by  mcreasing  or  decreasing  the 
valve  and  port  areas  on  one  end  of  the  stroke  and  not  on  the  other.  But 
every  attempt  to  compound  a  piston  type  of  drill  by  putting  a  pressure 
in  front  of  the  piston  is  a  mistake.  Just  in  proportion  as  a  pressure  is 
introduced  in  the  front  end  it  would  cushion  or  restrict  the  force  of  blow, 
and  in  doing  this,  as  has  been  previously  pointed  out,  we  make  it  necessary 
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to  mcrease  the  weight  of  the  machine  in  order  to  get  the  effective  maximum 
blow.  It  is,  therefore,  a  very  dangerous  expedient  in  the  design  of  piston 
drills  to  attempt  to  compound  the  stroke.  Reduced  air  consumption  is 
easily  effected  at  the  sacrifice  of  efficiency.  Air  at  100  lb.  is  delivered  to 
a  percussive  drill  at  a  cost  that  varies  from  40c.  to  $2  ]>er  day.  To  save 
25  per  cent,  of  this  is  all  that  compounding  could  reasonably  be  expected 
to  accomplish,  and  this  at  the  maximum  is  only  50c.  a  day.  Experienced 
engineers  will  have  no  difficulty  in  seeing  that  there  are  many  ways  under- 
ground by  which  this  and  larger  amounts  may  be  lost  through  a  machine 
which  must  inevitably  be  weakened  in  certain  other  directions  in  order 
to  effect  a  small  saving  in  air  economy.  Under  most  conditions  of  service 
it  pays  to  conserve  labor  and  upkeep  expenses,  giving  first  consideration 
to  those  things  which  cost  most.  A  small  reduction  in  drilling  capacity, 
or  a  few  idle  hours,  means  an  expense  which  will  easily  run  in  excess  of 
any  possible  saving  in  air. 

The  hammer  type  of  drill  is  a  natural  air  saver,  and  it  is  in  the  design 
and  construction  of  this  type  that  air  economies  may  be  effected  safely 
and  without  sacrifice.  The  hammer  drill  is  essentially  a  machine  for 
mines.  It  represents  the  evolution  of  the  rock  drill  from  the  piece  of 
steel  struck  by  a  hammer  through  the  various  stages  of  percussive  machines 
back  again  to  the  hammer-driven  blow  upon  the  steel,  the  difference  being 
only  that  the  blow  is  a  rapid  power  blow.  A  hammer  drill  is  economical 
in  air  consumption  because,  in  the  first  place,  it  reciprocates  a  light  plunger 
which  weighs  only  a  few  pounds,  while  with  the  piston  drill  not  only  must 
the  heavy  piston  be  thrown  backward  and  forward  at  high  speed,  but  it 
carries  with  it  the  steel  and  bit.  In  hammer  drills  the  power  is  utilized, 
not  in  overcoming  the  inertia  of  a  heavy  body,  but  in  compensating  for 
that  inertia  through  the  high  speed  of  a  light  body.  A  heavy  mass  moving 
slowly  may  give  the  same  impact  of  blow  as  a  light  mass  moving  rapidly. 
The  effective  work  done  at  the  bottom  of  the  hole  is  represented  by  the 
weight  multiplied  by  the  velocity.  The  same  effect  may  be  produced 
by  subtracting  from  the  weight  and  adding  to  the  velocity,  or  vice  versa. 
In  a  piston  or  percussive  drill,  velocity  is  limited,  while  in  a  hammer  drill 
it  is  practically  unlimited,  and  here  is  where  the  great  possibilities  of 
hammer  drills  have  come  in. 

We  must  always  bear  in  mind  in  comparing  piston  and  hammer  drills 
that  the  piston  drill  is  handicapped  by  the  load  of  the  piston  and  steel, 
which  has  a  certain  inertia  difficult  to  overcome  in  our  efforts  to  reach 
high  speed.  The  stroke  is  necessarily  short,  and  as  the  hole  gets  deeper 
this  handicap  of  weight  is  increased  by  longer  steels,  so  that  we  are  driven 
to  high  air  pressures  in  order  to  get  high  speed.  High  air  pressures  natural- 
ly cost  more  money  than  low  air  pressures,  and,  as  has  been  shown,  if 
we  attempt  to  save  air  by  compounding  we  limit  the  capacity  of  the 
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drill  to  force  itself  through  difficult  places.  In  holes  at  or  near  the 
horizontal  there  is  always  an  added  disadvantage  in  a  ]>ercussive  type  of 
drill,  due  to  the  steel  dragging  in  the  hole.  This  will  take  place  even 
in  a  clean,  straight,  round  hole.  The  steel  sags,  and  in  sagging,  and 
during  the  process  of  rotation,  there  is  considerable  friction  loss  within 
the  hole.  All  this  leads  us  to  high  pressures,  which  is  only  another  expres- 
sion for  greater  power.  It  is  safe  to  say  that  the  piston  type  of  drill  has 
reached  its  limit  when  we  consider  capacity  as  a  limitation  when  rating 
efficiency.  In  down-hole  service,  especially  for  deep  holes  and  in  soft 
rocks,  piston  drills  will  always  be  useful.  The  pumping  action  of  the  bit 
serves  to  agitate  the  material  at  the  bottom,  especially  when  mixed  with 
water,  and  in  this  way  the  hole  is  kept  more  or  less  clean  under  the  bit. 

The  study  of  rock-drill  economics  has  led  the  mechanical  engineer  into 
the  hammer-drill  field  as  one  which  offered  the  greater  possibilities.  The 
problem  was  to  do  more  work  and  with  a  lighter  machine.  The  next 
consideration  was  to  accomplish  this  with  a  reduced  labor  and  power 
cost.  All  of  these  conditions  have  been  met  and,  as  subsequent  figures 
will  show,  extraordinary  results  have  been  obtained  which  have  materially 
reduced  the  cost  of  excavating  rock  and  ore.  We  have  seen  that  the 
process  has  been  one  of  return  to  primitive  methods.  In  other  words, 
we  have  done  what  is  most  natural,  and  that  which  conforms  closest  to 
the  laws  of  Nature  is  invariably  best.  The  natural  way  to  drill  rock 
is  to  strike  a  piece  of  steel  with  a  hammer.  The  only  reason  why  the 
miner  does  not  continue  to  do  things  in  this  way  is  because  he  cannot 
strike  a  sufficient  number  of  blows.  Just  in  proportion  as  he  uses  a  heavier 
hammer  does  he  reduce  the  number  of  blows  that  he  is  able  to  maintain 
and  with  the  lighter  hammer  he  is  brought  to  an  absolute  limit.  It  would 
seem  that  the  first  thought  of  the  engineer  would  have  been  to  follow  the 
old  miner  by  building  a  rock  drill  on  the  hammer  t3rpe.  He  may  have 
thought  of  this,  but  the  problem  proved  to  be  a  very  difficult  one.  The 
first  difficulty  was  to  get  material  that  would  stand  up  against  this  rapid- 
fire  system.  Then  came  the  question  of  rotation,  which  was  not  easy  to 
accompUsh  with  a  machine  of  the  hammer  design.  Of  equal  importance 
was  the  question  of  keeping  the  bottom  of  the  hole  clean,  because  the 
bit  being  practically  stationary  at  the  bottom,  the  cuttings  from  the  hole 
would  pack  between  the  edges  of  the  bit  and  the  bottom  of  the  hole  and 
prevent  further  progress.  Jets  of  steam,  of  air,  and  of  water  were  used 
to  discharge  the  cuttings.  Steam  has  many  disadvantages,  air  is  expensive 
and  it  creates  dust,  while  water  is,  in  the  first  place,  difficult  to  introduce 
into  the  bottom  of  the  hole,  its  mixture  with  parts  of  the  drill  results  in 
wear  and  tear,  and  to  use  much  water  is  a  disadvantage  and  an  expense 
in  underground  work.  Up-hole  work  offers  less  difficulties  for  hammer- 
drill  service  than  any  other.     The  cuttings  drop  by  gravity  out  of  the  hole 
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and  the  only  disadvantage  is  dust.  Horizontal  hole  work  is  that  which 
is  most  di£S£uIty  while  with  down-holes  water  thrown  into  the  hole  always 
serves  a  useful  purpose.  A  mixture  of  air  and  water  has  solved  most  of 
the  problems  arismg  from  the  use  of  hammer  drills  in  mines.  This  is 
known  as  the  Leyner  system.  Air  is  always  available  and  is  readily 
conducted  in  the  hole,  using  either  live  or  exhaust  air.  Where  this  air 
is  commingled  with  water  it  discharges  the  cuttings  from  the  bottom 
of  the  hole  without  blowing  them  away  in  the  form  of  dust,  but  by  simply 
reducing  them  to  a  puddle  condition  with  enough  water  only  to  create  a 
moderate  stream,  which  discharges  the  cuttings  through  the  orifice  of 
the  hole.  This  keeps  the  bit  cool,  there  is  enough  puff  to  the  air  to  remove 
the  chips,  and  a  long  experience  under  all  conditions  of  service  has  demon- 
strated conclusively  that  a  mixture  of  air  and  water  is  more  effective  in 
cleanmg  the  hole  than  even  a  large  stream  of  water  alone.  In  fact,  air 
is  the  ideal  thing  to  use,  and  it  would  be  used  alone  were  it  not  for  the  dust, 
so  that  the  present  system  introduces  only  enough  water  to  lay  the  dust. 
In  doing  this  we  effect  economies  by  using  only  a  small  amount  of  water 
mixed  with  air  from  the  exhaust. 

The  pneumatic  tool,  especially  the  type  known  as  the  riveter,  illustrates 
the  mechanical  principles  involved  in  the  hammer  drill.  It  is  likely  that 
the  perfection  of  the  pneumatic  tool  led  to  the  perfection  of  the  hammer 
drill.  A  riveter  combines  an  extraordinary  amount  of  power.  Its  eflSciency 
is  very  high  because  the  hammer  si>eed  is  high,  and  the  machine  is  light 
and  easily  handled.  Its  use  in  steel  and  iron  construction  is  now  universal. 
Air  consumption  in  a  tool  of  this  nature  is  low  in  proportion  to  the  work 
it  does,  because  the  thing  reciprocated  by  the  air  is  so  light  that  it  is  easy 
to  get  high  speed  without  sacrificing  power  to  overcome  inertia.  In  other 
words,  there  is  a  closer  relation  betv/een  the  air  pressure  and  the  speed 
of  hammer,  with  the  resultant  effective  blow. 

A  point  not  to  be  lost  sight  of  is  that  the  rapid  reciprocation  of  a  flying 
piston,  as  in  a  hammer  drill,  is  very  much  more  easily  mounted  or  held 
by  an  abutment  than  where  we  have  a  reciprocating  action  of  a  heavy 
weight,  as  in  the  case  of  a  piston  drill.  The  reasons  for  this  are  obvious. 
High  speed  of  a  light  hammer  takes  the  place  of  slow  speed  of  a  heavy 
hammer.  One  is  like  the  rapid  reciprocations  of  a  hand  hammer,  the  other 
the  ponderous  swing  of  a  sledge.  So  great  an  effect  is  obtained  by  this 
rapid,  light  blow  that  it  has  been  found  practicable  to  reduce  the  weight 
to  a  figure  considerably  under  100  lb.  in  a  machine  which  in  drilling  capacity 
compares  favorably  with  a  piston  drill  of  two  or  three  times  the  weight. 
In  this  light  machine,  material  alone  has  not  enabled  us  to  cut  down  the 
weight,  but  the  Ught  rapidly  moving  piston  design,  with  the  quick-opening 
valve,  is  of  equal  importance.  It  would  surprise  a  drill  runner  of  10 
years  ago  to  learn  that  hammer  drills  are  used  to-day  in  hard  rock,  putting 
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in  holes  10  and  15  ft.  in  depth  without  even  mounting  the  drill,  it  being 
held  in  the  hand  of  the  operator.  Of  equal  importance  in  tunnel  driving 
is  the  fact  that  by  the  use  of  hammer  drills  the  equivalent  of  heavy 
machines  is  placed  in  the  headings  mounted  upon  a  light  horizontal  bar, 
this  bar  being  easily  handled  by  a  few  men,  yet  it  affords  abutment 
enough  to  resist  the  jar,  because  the  jar  has  been  reduced  to  a  minimum. 
Heavy  upright  columns,  carriages,  and  other  forms  of  support  were  made 
necessary  because  of  the  ponderous  pulsations  of  the  piston  drill.  To  be 
able  to  use  a  light  bar,  placed  horizontally,  is  of  the  greatest  importance 
in  tunnel  driving  because  it  affords  an  opportunity  to  begin  drilling  quickly 
after  a  blast  and  before  the  muck  has  been  cleared  away  from  the  bottom 
of  the  heading.  This  has  been  referred  to  in  detail  in  the  paper  of  D.  W. 
Brunton,  Notes  on  the  Laramie  Tunnel.^ 

An  effort  has  been  made  in  the  foregoing  statements  to  analyze  and 
give  reasons  for  a  condition  in  rock-drill  service  which  is  now  in  practical 
operation. 

A  hammer  drill  is  the  modem  progressive  miner.  It  has  practically 
done  away  with  hand  drilling  and  in  doing  this  it  has  largely  increased 
the  field  of  service.  There  is  no  longer  any  question  about  the  fact  that 
it  pays  to  use  power  drills  in  all  classes  of  mining.  It  is  now  entirely 
a  question  of  adapting  the  system  of  mining  to  these  light,  efficient,  handy 
perforators.  In  August,  1912,  there  was  held  at  Calumet,  Mich.,  what  is 
perhaps  the  last  contest  between  hand  and  power  drilling.  A  three-man 
double-jack  team  of  the  best  drillers  in  the  copper  country  was  pitted 
for  a  money  prize  against  a  small  hammer  drill  of  the  Butterfly  type. 
This  machine  was  operated  by  one  man.  The  drilling  was  in  a  block  of 
Cape  Ann  granite,  60  in.  thick.  The  three-man  drilUng  team  started  with 
a  1  J^-in.  bit  and  finished  with  a  ^-in.  bit.  The  one  man  with  the  Butterfly 
(this  is  a  light  hand  hammer  drill,  of  the  usual  plugger  type,  weighing 
about  40  lb.)  used  a  2-in.  starter  and  finished  with  a  l^^-in.  bit.  It 
required  14  min.  for  the  machine  to  drill  entirely  through  the  block  (60 
in.)y  while  the  hammer-and-drill  squad  put  in  a  49-in.  hole  in  the  same 
time.  The  machine  did  20  per  cent,  more  work  with  one-third  the  labor 
cost.  As  a  matter  of  fact,  no  such  rate  of  hand  drilling  as  was  shown 
by  the  three-man  squad  could  be  maintained  over  a  working  shift,  while 
there  is  no  reason  why  the  machine  drill  should  not  keep  up  its  speed 
indefinitely. 

Classification  of  Rock  Drills. 

It  may  be  interesting  to  classify  the  present  types  of  drills  as  follows: 

1.  The  plugger  drill.    This  is  of  the  hammer  type.    It  is  used  in  its 

1  Trans,,  xUu,  99  (1912). 
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smallest  sizes  for  dressing  stone^  for  trimining,  cutting  hitches,  and  for 
block  holes.    It  is  a  hand-rotated  machine. 

2.  The  Jackhamer.  A  hammer  drill  with  automatic  rotation,  used  for 
sinking  shafts,  for  down-hole  work  in  stopes,  for  quarrying,  for  drilling  in 
coal,  and  in  rock  and  ore  work  wherever  down-holes  are  required.  It  is 
held  in  the  hand  of  the  operator  and  in  some  mines  is  used  for  horizontal 
work,  mounted  upon  some  simple  form  of  support. 

3.  The  stoper.  A  hammer  drill  with  air  feed,  usually  used  without 
mounting  and  for  upnholes.  It  has  a  large  field  of  usefulness,  mainly  in 
stopes  or  rooms  and  in  driving  raises. 

4.  The  mounted  hammer  drill,  as  exemplified  in  the  Leyner  type,  used 
mainly  for  horizontal,  or  approximately  horizontal,  hole  drilling,  for  side 
stoping,  and  for  driving  drifts  and  tunnels.  In  this  type  of  drill  a  com- 
bined stream  of  air  and  water  is  discharged  through  a  hollow  steel  at  the 
bottom  of  the  drill  hole. 

6.  The  reciprocating  drill,  used  for  heavy  down-hole  drilling  where  the 
stopes  are  large,  and  for  surface  work,  drilling  deep  holes  of  large  diameter. 


Fig.  1. 


Fig.  2. 
Figs.  1  and  2. — Simplest  Form  of  Plugger  Drili^. 


These  stone  tools  are  designed  to  meet  the  usual  requirements  in  stone 
dressing.  The  several  sizes  cover  a  variety  of  work,  from  the  heaviest 
cutting  to  the  most  delicate  tracing.  The  tool  is  valveless,  hence  there  is 
but  one  moving  part  and  that  a  hardened  piece  of  steel. 

Figs.  1  and  2  are  a  photograph  and  a  sectional  view  of  the  simplest 
form  of  plugger  drill.     Fig.  3  shows  the  machine  in  use  in  dressing  stone. 

Plugger  drills  are  largely  used  for  pop  shooting,  breaking  up  boulders, 
trimming  walls,  and  for  all  light  work  requiring  holes  not  exceeding  5  ft. 
in  depth.  Sohd  or  hollow  steel  may  be  used.  In  the  latter  case  the  exhaust 
air  is  discharged  at  the  bottom  of  the  hole  for  the  purpose  of  removing 
the  cuttings.    This  type  of  machine  is  equipped  with  a  simple  device  for 
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clesjilng  the  holes  of  rock  cuttings  which  may  not  have  been  discharged 
by  the  normal  process  of  exhausting  in  the  hole.  This  device  consists  of  a 
lever,  eccentric  in  its  middle  portion  and  located  on  the  side  of  the  valve 
chest.  A  portion  of  the  lever  forces  a  plunger  against  the  valve,  stopping 
the  action  of  both  the  valve  and  the  hammer  piston  and  thus  permitting 


— DREsaiNo  Stone  with  Plvqoer  Drills. 


live  air  to  pass  to  the  bottom  of  the  hole.  Where  steam  is  used  wooden 
handles  replace  the  metal  ones.  Fig,  4  shows  the  plugger  drill  for  drilling 
holes,  while  Fig.  5  is  a  view  showing  the  drills  in  operation. 

1.  The  Plugger  DHU. 
SpedJiccUions  of  Stone-Working  Plugger. 


Size  Symbol 

Weight,  pounds  &nd  ounces 

Length  over  all,  inches 

Outside  diameter,  inches 

Diameter  of  piston,  inches 

TotaJ  length  of  stroke,  mehes 

Length  of  stroke  to  working  point, 
Air  consumption,  cubic  feet 


—9 'A 

5-1  >4 

V'i 

8X 

IH 

m 

1 

'y. 

U 

H 

ft 

H 
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Specifications  of  the  Plugger  Rock  Drill, 

BA.  BC. 

Length,  inches 22H  24 

Cylinder  diameter,  inches IH  2 

Stroke,  inches 3H  4 

Steel  used  (hollow  hex.),  inches J^  or  1  1 

Air  inlet,  inches H  H 

Weight  of  23  type,  pounds 43  54 

Weight  of  26  type,  pounds 48  65 

2.  The  Jackhamer. 

The  Jackhamer,  Figs.  6  and  7,  can  be  operated  either  by  steam  or  air, 
it  uses  hollow  steels,  is  provided  with  an  automatic  rotation  and  it  drills 


£l 


Fig.  4. — Plugger  for  Drilling  Holes. 


holes  to  a  depth  of  15  ft.  It  is  essentially  an  all-steel  drill.  The  cylinder, 
for  instance,  is  drop  forged,  made  of  special  steel,  treated  and  hardened 
in  the  bore.  Its  most  interesting  feature  is  its  automatic  rotation,  which 
is  shown  in  the  skeleton  section,  Fig.  7.  Fig.  8  is  a  view  of  Jackhamers 
engaged  in  stoping  in  No.  15  shaft,  seventh  level,  Osceola  Amygdaloidal 
lode  of  the  Calimiet  and  Hecla  mine,  Calumet,  Mich. 
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Specificationa  of  Jackfuimer. 

Length,  inehea 18 

Cylinder  diameter,  inchee 2^ 

Stroke,  inches 2 

Steel  used,  hoUow  hexagon,  inches % 

Size  of  air  hoae,  inches % 

Weight,  pounds 40 

3.  The  Stoper  Drill. 

The  stoper  hammer  drill  is  so  well  known  and  so  generally  used  that 

further  description  is  unnecessary.    It  is  but  a  few  years  since  this  machine 


Fig.  5. — 'Fluoqer  Drills  in  Operation  at  Grand  Central  Terminal,  New  York. 

was  invented  and  its  application  to  general  mining  work  has  been  very 
rapid.  Thousands  of  them  are  in  use.  Fig.  9  is  a  sectional  view  and  Fig. 
10  shows  a  stoper  in  operation.  In  this  particular  case  a  jet  discharges  » 
spray  of  water  for  allaying  the  dust. 
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Specificaiuma  of  Stoper  Driil. 

nston  dutmeter,  inches 2 

Piston  Btrdce,  inches 4 

Lenglh  of  feed,  inches 22 

Length  of  machine  over  all  (closed),  in^es fi2H 

Length  of  machine  over  all  (extended),  inches 74^ 

Weight,  pounds 73 

&ae  air  hoee,  inch H 


FiQ.  6. — View  or  Jackhamer. 


4.  The  Water  Leyner  DnU. 


The  Water  Leyner  driil  is  shown  ia  section  in  Fig,  11,  Fig.  12  is  a  photo- 
graphic view  of  a  drill  of  the  Leyner  type  driving  an  inclined  raise  in  No. 
Id  shaft,  Osceola  Amygdaloidal  lode  of  the  Caiumet  and  Hecla  mine.  This 
machme  was  in  actual  operation  when  the  picture  was  taken. 
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Spedficationa  of  Water  Leyner  Drill. 

Weight,  drill  only,  24-m.  feed  (standard),  pounds IM 

Length  over  all,  24-in.  feed  (atandard),  inchee 475i 

Weight,  drill  only,  30-in.  feed  (special],  pounds 160 

Length  over  all,  SO-in.  feed  (special),  inchee Bi^ 

Bore  of  eylinder,  inches 2)^ 

Length  of  stroke  of  hammer,  inches 3 

Size  of  air  inlet,  inches M 

Size  of  water  inlet,  inches H 

Standard  hoUow  round  drill  steel  and  shank,  inches Hi 

Mast  economical  depth  to  which  holes  can  be  drilled,  feet 8  to  12 

Air  Consamption. 

60  U).  70  lb.  80  lb.  90  lb.  100  lb. 

64  cu.  ft.  75  cu.  ft.  87  cu.  ft.  98  cu.  ft.  109  cu,  ft. 

Hecobds  op  Recent  Experiences. 

There  is  no  place  where  this  new  type  of  Jackhamer  drill  shows  to 
better  advantage  than  in  shaft  sinking  and  in  bench  or  foot-wall  work  in 
mines  and  tunnels.     For  shaft  work  two  or  three  times  the  number  ot 


Fig.  7. — Skeleton  View  op  Jackhamer. 

drills  may  be  used  as  formerly.  Each  man  in  the  shaft  who  is  not  engaged 
in  mucking  is  a  drill.er,  the  two  operations  being  carried  on  simultaneously. 

At  the  Newport  mine  in  the  Lake  Superior  iron  country  a.  shaft  is  being 
driven  with  Jackhamers.  Dimensions  of  shaft,  11  by  18  ft.  in  the  clear. 
The  progress  has  averaged  20  ft.  per  week,  using  five  drills;  material,  hard 
quartzite.  During  February  last  a  progress  of  107  ft.  was  reported,  and 
in  March  125  ft.,  this  latter  being  said  to  be  the  record  of  performance  in 
shaft  sinking  in  that  district. 

At  the  Lucky  Star  mine  in  the  Lake  Superior  district  four  Jackhamers 
are  working  in  a  shaft  12  ft.  2  in.  by  14  ft.  10  in.,  drilling  ten  6-ft.  holes  for 
sinking  and  twenty  5-ft.  holes  for  squaring  after  blasting;  material,  hard 
diorite.    The  progress  has  averaged  about  1(X)  ft.  per  month. 

The  Norrie-Aurora  shaft  of  the  Oliver  Mining  Co.  was  sunk  64  ft.  in 
February,  employing  three  8-hr.  shifts  of  eight  men,  each  using  Jackhamer 
drills,  the  shaft  being  sunk,  steel  timbered  and  concrete  lined.    The  total 
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granite  formation  with  two  Jackhamers,  from  the'l,200-ft.  level  to  the 
1,800-ft.  level,  and  reports  show  that  from  Jan.  20  to  Feb.  15  of  the  present 
year  110  ft.  of  shaft  were  driven,  including  timbering.  During  this  period 
they  lost  11  shifts  due  to  outside  causes,  no  work  whatever  being  done. 
Here  an  average  of  28  holes  was  drilled  per  shift,  8  cuts  9  ft.  deep,  8  lifters 
6  ft.  deep,  6  back  holes  6  ft.  deep  and  6  end  holes  6  ft.  deep.  Occasionally 
as  high  as  83  holes  were  drilled.  The  average  net  drilling  time  was  5  hr. 
This  gives  a  total  hole  footage  per  shift  of  192  ft.,  or  96  ft.  per  drill,  an 


FiQ.  9. — Sectional  View  op  Stofbb. 


average  ci  19.5  ft.  per  drill  per  hour.  The  previous  best  progress,  made 
with  heavy  tripod  drills,  was  60  ft.  in  one  month.  Size  of  shaft,  19  ft.  6  in. 
by  6  ft.  .10  in. 

J.  A.  Mcllwee,  the  contractor  who  drove  the  Laramie-Poudre  tunnel, 
is  sinking  a  shaft  for  the  Silver  King  Consolidated  mine.  Park  City, 
Utah.  This  is  a  three-compartment  shaft  and  is  being  driven  a  distance 
of  500  ft.  from  the  1,300-ft.  to  the  1,800-ft.  level.  The  work  began  Mar. 
22  with  four  Jackhamer  drills,  two  on  each  side  of  the  shaft;  four  drillers 
were  employed.  A  great  many  delays  and  drawbacks  were  experienced, 
mainly  on  account  of  water.  Some  boiler  difficulties  were  incurred,  which 
caused  a  delay  of  four  days  in  April.  Notwithstanding  this,  105  ft.  of 
actual  sinking  or  95  ft.  of  completed  and  timbered  shaft  have  been  accom- 
plished. Based  on  the  number  of  days  actually  at  work  sinking,  this  is 
a  progress  of  about  5  ft.  per  day.  Holes  were  drilled  5  ft.  deep,  the  usual 
time  employed  being  10.5  min.  per  hole.  The  best  time  made  in  drilling 
was  33  holes  5  ft.  deep,  with  6-ft.  cut  holes,  in  2  hr.  45  min.;  three  shifts, 
each  shift  gang  doing  the  drilling,  mucking,  and  timbering. 

Bench  or  foot-wall  work  has  heretofore  been  done  with  large  drills, 
employing  from  two  to  three  men  per  drill.  Deep  holes  of  large  diameter 
have  been  drilled,  but  during  recent  years  the  hammer  type,  both  in  the 
stoper  and  in  the  Jackhamer,  has  replaced  the  heavier  machines  for  this 
class  of  work.  In  one  of  the  Lake  Superior  copper  mines  recent  extensive 
tests  have  shown  the  following  figures: 
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Fig.  10. — Stopeh  in  Opeiution  with  Jet  of  Water  for  Allatinq  Dtsi 
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m  * 

Tons  per  Man  Mining 

Type  of  Drill.  per  Shift.  Coat  per  Ton. 

Stoper 13  $0.41 

Piston 12  0.54 

Jackhamer 38  0.12 

No  overhead  charges  are  included  in  the  above  figures  of  cost,  nor  are 
charges  for  air  included.  This  effective  saving  by  the  use  of  stoper  drills 
over  the  heavier  tripod  type,  and  the  still  further  saving  by  the  use  of 
Jackhamers,  cannot  be  maintained  in  all  classes  of  work.  In  this  par- 
ticular case  the  bench  or  foot-wall  afforded  the  best  opportunity  for  the 
use  of  these  little  Jackhamer  drills. 

An  analysis  of  the  drill  situation,  in  the  iron  fields  of  Lake  Superior, 
indicates  that  four  types  of  drills  are  necessary  for  the  economical  extrac- 
tion of  the  ore,  their  relative  proportion  being  about  as  follows: 

Per  Cent. 

1.  Mounted  hammer  drill 20 

2.  Stope  drills 20 

3.  Jackhamer  or  sinking  drills 10 

4.  Light  piston  drill 50 

There  will  always  remain  a  small  percentage  of  drilling  for  which  the 
two-man  piston  drill  will  still  be  the  favorite.  An  instance  is  the  opera- 
tion of  the  Soudan  mine  at  Tower,  where  the  rock  encountered  is  very 
hard;   in  fact,  it  is  characterized  as  the  hardest  in  the  United  States. 

At  this  time  the  ore  is  very  hard  and  dry,  and  the  chief  problem  is  not 
so  much  one  to  be  met  by  the  use  of  some  particular  type  of  drill,  but 
rather  one  of  getting  the  steel  to  stand,  as  the  bits  will  not  hold  in  this 
rock.  Records  show  that  as  many  as  80  starters  have  been  used,  with 
a  3.25-in.  machine,  to  drill  a  hole  6  in.  in  depth.  Light  one-man  drills 
have  been  tried  in  this  formation,  but  without  success. 

In  the  hematite  mines  of  Lake  Superior  the  light  reciprocating  mining 
drill  is  generally  used  for  the  actual  breaking  of  probably  90  per  cent,  of 
the  ore  which  requires  drilling  (hand-auger  ground  excepted).  In  this 
class  of  work  the  service  required  of  the  drill  is  light,  the  ground  being 
classed  as  very  soft  drilling,  but  of  such  a  character  as  to  bring  it  under  the 
classification  of  "too  hard  drilling"  for  hand  augers. 

The  three  charts,  Figs.  13,  14,  and  15,  show  a  three  days'  drilling  record 
at  the  Winona  mine,  in  the  Lake  Superior  copper  country.  They  are 
typical  of  the  modem  trend  toward  scientific  management  and  greater 
efficiency  in  mining  operations  and  are  largely  a  result  of  the  occasional 
low  prices  for  copper,  the  decreased  percentage  of  metal  in  the  rock  in 
mines  which  have  been  operated  for  years,  and  the  introduction  of  labor 
reducing  and  time  saving  devices  for  the  mine. 
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Fio.  U. — Sectional  Views  OF  THE  WateeLetneb  Drill. 
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In  these  charts  the  horizontal  lines  represent  time  of  performance  and 
the  vertical  lines  distance  drilled. 

The  completeness  of  the  charts  will  be  noted;  every  minute  of  the 
9-hr.  working  shift  is  accoimted  for. 

For  instance,  Fig.  13  shows  that  the  actual  drilling  did  not  begin  until 
8.18  a.m.  The  machine  then  drilled  a  hole  16  in.  deep  in  3  min.,  when  it 
was  stopped  to  change  steels,  which  operation  required  1  min.,  and  a 
further  distance  was  then  drilled  of  20  in.,  requiring  3  min.,  when  the 
machine  was  again  stopped  to  change  steels,  4  min.  being  consumed  in 
doing  80.  Drilling  was  then  continued  and  the  hole  deepened  15  in.  in 
3.5  min.  The  total  time  consumed  in  actual  drilling  was  9.5  min.;  total 
time  changing  steels,  5  min.;  and  total  depth  of  hole,  51  in.  At  this  stage 
the  machine  was  shifted  for  drilling  a  new  hole. 

In  the  city  of  Pittsburgh  Jackhamers  are  being  employed  for  driving 
an  8  by  12  ft.  sewer  tunnel,  1,200  ft.  long.  The  formation  is  a  hard  slate 
and  shale  with  a  decomposed  rock  top.  Single  cap  timbers  are  installed 
and  it  is  necessary  to  use  fore-poling  to  hold  the  top.  Two  drills  are 
installed  in  the  heading,  drilling  eight  3-ft.  holes,  with  a  single  steel  to  the 
bole.  The  average  drilling  speed  is  12  in.  per  minute.  Owing  to  the 
bad  top  and  the  fact  that  the  tunnel  passes  under  two  bridge  piers  and  the 
Pennsylvania  Railroad  tracks,  the  shooting  is  necessarily  light;  about 
2.5  ft.  are  pulled  at  each  round.  Ten  feet  of  completely  timbered  heading 
is  the  advance  per  day  of  two  shifts. 

The  following  is  a  record  of  work  done  with  Jackhamers  in  the  excava- 
tion for  the  Grand  Central  Station,  New  York  City: 


Month. 


Sept.  22  to  29 
Oct.  1  to  31 
^ov.    1  to   5 


Hours 

Total  Linear 

Average  Feet 

DriUed. 

Feet  Drilled. 

Drilled  per  Hour. 

60 

950 

15  5/6 

255 

4,256 

16.65 

48 

800 

16Ji 

363  6,006  16.5 


Cost  for  repairs  (2  pawls,  50c.  each),  $1,  or  about  l^c.  per  100  ft.  drilled. 

Air  pressure,  70  to  90  lb. 

Holes  drilled,  4  to  10  ft.  in  hard  New  York  mica  schist. 

Performance  of  Jackhamer  at  the  Rockland  &  Rockport  Lime  Co., 

Rockland,  Maine: 

Rate  per  Man 
Total  Number  Feet.  Total  Hours.        per  Hour. 

350 , . . . .  55  $0.20 

488 60  0.22^ 

372 55  0.22^ 

40 30  0.22  J4 


o 
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Week  of  May  4  to  10, 

Rate  per  Man    Cost  per  Foot, 
Total  Number  Feet.       Total  Hours.     Ft.  per  Hr.        per  Hour.  Labor  Only. 

650 60  10.8  $0.22H  $0.0208 

322 45  7.1  0.22}^  0.0314 

430 50  8.6  0.221^  0.0262 

420 60  8.4  0.22H  0.0268 

1822 

The  average  cost  per  foot  being  $0.0253. 

The  diameters  of  the  bits  used  are  as  follows: 

Length  of  Steel,  Diameter  of  Bit, 

Feet.  Inches. 

2  2 

4  VA 

6  Wa 

8  l?i 

10  1}^ 

12  I'/g 
The  depth  of  each  hole  drilled  was  12  ft. 

In  the  lead  mines  in  southeast  Missouri  they  have  heretofore  drilled 
the  down-holes  in  the  stopes  with  the  large  type  of  two-man  drill.  Since 
the  Jackhamer  has  been  introduced  in  these  mines  the  results  obtained 
have  been  60  to  80  ft.  of  8-ft.  holes  per  man  per  shift,  while  with  the 
old  system  employing  two  men  they  were  only  able  to  drill  40  to  50  ft. 
of  8-ft.  holes  per  shift.  In  many  cases  where  the  vein  is  exceedingly 
wide  they  drill  10-ft.  holes  as  easily  and  readily  as  an  8-ft.  hole  can  be 
drilled. 

In  the  Oliver  iron  mines  in  Michigan  the  record  is  given  as  57  stoper 
drills  operated  in  the  year  1912,  with  a  total  expense  for  repairs  for  the 
year  of  $920.23,  or  $16.14  per  machine  per  year. 


TRANSACTIONS  OF  THE  ABfERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
(bubjsct  to  bstibeon] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMiited  in  perwn  at  the 
Batte  meeting,  Aug.  IS  to  21,  1913,  when  an  abstract  of  the  paper  will  be  read.  If  thi^  is  impoflsible, 
then  diacuMion  in  writing  mur  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineera,  29  West 
39th  Street,  New  YorkTN.  Y.,  for  presentation  by  the  Secretary  or  other  reprMentatire  of  its  author. 
Unleas  speeisl  arrangement  is  inade,  the  discussion  of  this  Paper  will  close  Oct.  1,  1913,  when  Vol.  XLVI 
of  the  Transactions  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be  in  the  form  of 
a  new  paper  for  publioation  in  Vol.  XLVII.  (with  suitable  cross  references  in  both  volumes). 


The  Compressed  Air  System  of  fhe  Anaconda  Copper  Mining  Co., 

Butte»  Mont. 

BY  BRUNO  V.  NORDBERG.  MILWAUKEE.  WIS. 
(Butte  Meeting.  August,  1913.) 

The  high  cost  of  coal  in  Butte  and  the  development  of  large  amounts  of 
cheap  electric  power  from  the  Missouri  river  caused  the  Anaconda  Ck)pper 
Mining  C!o.  in  1908  to  make  an  investigation  as  to  the  possibility  of  adapt- 


FiQ.  1. — Map  of  Butte  Mining  District. 

ing  this  cheap  electric  power  for  the  operation  of  their  many  large  hoist- 
ing plants.  At  this  time  electric  power  had  already  been  adopted  for 
practically  all  other  power  purposes  around  the  mines,  such  as  pumping, 
compressing  air,  etc. 

The  map  (Fig.  1)  shows  the  location  of  the  mines  of  the  Butte  mining 
district.  These  mines  are  located  within  a  circle  of  approximately  a  1-mile 
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radius.  The  shafts  are  all  vertical,  the  maximum  depth  being  2,000  to 
2,800  ft.  at  present,  but  sinking  to  greater  depth  is  in  progress  in  several 
shafts  which  are  expected,  in  the  future,  to  reach  an  ultimate  depth  of  at 
least  3,500  ft.  The  hoisting  is  done  from  a  great  many  levels  between  1,000 
ft.  and  bottom  of  the  mine. 

Every  mine  has  its  own  dry  house,  which  requires  a  boiler  plant. 

For  the  purpose  of  making  this  investigation  it  was  determined  to  make 
extensive  tests  of  four  representative  steam  hoists  of  the  district,  namely, 
at  the  Speculator  shaft  of  the  North  Butte  Mining  Co.,  and  the  Diamond, 
High  Ore  and  Mountain  View  shafts  of  the  Anaconda  company. 

At  the  Speculator  shaft  the  hoist  is  a  Nordberg,  having  steam  cylinders 
32  and  32  by  72  in.  with  Corliss  valve  gear.  The  drums  are  smooth,  12  ft. 
in  diameter,  carrying  1.5-in.  round  rope  in  two  layers,  operated  by  means 
of  clutches. 

At  the  Diamond  shaft  the  hoist  was  originally  built  by  the  Risdon  Iron 
Works  but  had  been  twice  rebuilt  by  the  Anaconda  Copper  Mining  Co. 
It  had  steam  cylinders  30  and  30  by  72  in.  with  Corliss  valve  gear  and 
link  motion  reverse.  It  was  equipped  with  reels  carrying  flat  rope  0.5  by 
7  In. 

At  the  High  Ore  shaft,  the  hoist  was  built  by  the  Union  Iron  Works. 
The  cylinders  were  30  and  30  by  72  in.  with  poppet  valves  operated  by 
wrist  plate  motion  with  link  reverse.  This  hoist  was  also  equipped  with 
reels  carrying  flat  rope  0.5  by  7  in. 

The  Mountain  View  hoist  was  a  Webster,  Camp  &  Lane  with  cylinders 
28  and  28  by  72  in.,  having  Corliss  valves  with  link  motion  reverse.  It 
was  equipped  with  reels  carrying  flat  rope  0.5  by  7  in. 

In  passing  it  should  be  noted  that  several  of  the  hoisting  engines  at 
Butte  have  to  be  located  very  close  to  the  shafts,  which  necessitates  reels 
and  flat  ropes  to  eliminate  an  otherwise  prohibitive  fleeting  angle. 

The  tests  were  made  by  H.  W.  Dow  and  B.  V.  Nordberg,  Jr.,  represent- 
atives of  the  Nordberg  Manufacturing  Co.  Those  directing  the  tests 
deserve  great  credit  for  the  persistency  with  which  they  worked  to  get  a 
sufiicient  number  of  readings  to  give  an  accurate  record  of  the  hoistings, 
without  which  it  would  not  have  been  possible  to  determine  the 
different  factors  entering  into  the  power  problem  of  the  hoisting 
system. 

The  main  object  of  these  tests  was  to  determine  the  power  required 
and  the  nature  of  the  load.  In  order  to  do  this  it  was  necessary  to  deter- 
mine the  exact  time  and  duration  of  every  trip,  the  load  hoisted  and  the 
depth  from  which  it  was  hoisted  in  or  out  of  balance,  as  well  as  the  speed 
conditions  during  each  trip. 

In  order  to  get  a  record  of  the  hoisting  operations,  a  Karlik  tachograph 
was  used.    This  instrument  draws  a  velocity  diagram  of  every  trip  made 
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by  the  hoist  with  the  velocity  as  ordinates  and  hoisting  time  as  abscissae, 
and  gives  a  24-hr.  record  on  a  pwiper  8  by  42  in. 

The  areas  of  the  different  diagrams  represent  the  hoisting  depth,  but 
as  these  diagrams  are  very  small  and  do  not  give  the  weight  hoisted,  it 
was  necessary  to  obtain  written  logs  of  the  hoisting  for  periods  extending 
over  24  hours.  Several  such  logs  were  obtained  in  which  were  noted  the 
exact  tune  of  starting  and  stopping  for  each  trip,  the  nature  of  the  load 
hoisted  or  lowered  (ore,  waste,  men,  tools,  etc.),  the  depth  from  which  it 
was  hoisted,  or  the  distance  lowered,  and  a  statement  showing  if  the  hoist 
was  m  or  out  of  balance.  In  order  to  prepare  such  a  log  the  investigators 
had  to  stand  watches  of  24  hr.  and  carefully  record  every  movement  of 
the  hoist  during  that  time.  This  they  did,  so  that  the  tachograph  cards, 
which  were  a  check  on  their  vigilance,  absolutely  correspond  with  the 
written  logs. 

In  order  to  determine  accurately  the  weight  of  the  rock  handled  per 
skip  load,  the  ore  bins  at  the  North  Butte  mine  were  thoroughly  cleaned 
just  before  and  just  after  writing  a  24-hr.  log.  All  of  the  ore  hoisted  dur- 
ing this  period  was  loaded  into  marked  cars  and  the  gross  tare  and  net 
weights  obtained  from  the  smelter  when  unloaded.  To  determine  the 
weight  of  the  men  it  was  found,  by  repeated  trials  that  eight  men,  or  the 
load  per  cage,  as  they  would  ordinarily  fall  into  line,  would  average  160  lb. 
each. 

All  the  odd  material,  such  as  timbers,  supplies  and  poor  rock  handled 
up  or  down  the  shaft,  was  weighed  at  the  surface.  With  all  these  weights, 
supplementing  the  written  log,  the  shaft  horsepower  was  calculated  for 
each  of  the  mines  over  a  24-hr.  period. 

Continuous  indicator  cards  were  taken,  hoisting  from  every  level,  and 
hoisting  every  different  kind  of  a  load  in  balance  and  out  of  balance,  and 
note  was  made  on  the  tachograph  card  of  the  trips  diu-ing  which  the  indi- 
cator cards  were  taken. 

Crosby  continuous  indicators  were  used  and  provided  with  electric 
pencil  attachment,  so  that  all  four  indicators  worked  simultaneously. 
By  this  means  cards  were  obtained  for  every  revolution  made  by  the  hoist 
for  every  given  trip,  thus  ^ving  a  perfect  record  of  the  mean  effective 
pressure  and  the  resultant  indicated  horsepower. 

In  order  to  determine  accurately  the  instantaneous  revolutions  per 
minute  of  the  engine  or  rope  speed  corresponding  to  each  individual 
indicator  card,  a  special  instrument  was  constructed.  This  instru- 
ment carried  a  continuous  sheet  of  paper  15  in.  wide  which  traveled 
at  a  perfectly  xmiform  rate  of  speed,  thus  measuring  time  accurately. 
Moving  at  right  angles  to  the  travel  of  the  paper  was  a  pen  having  a  re- 
duced motion  taken  from  the  shaft  driving  the  hoist  miniature.  Thus  the 
curves  drawn  by  thb  instrument  had  time  as  abscissae  and  revolutions 
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of  the  engine  or  rope  travel  as  ordinates.  In  what  follows  these  curves 
will  be  referred  to  as  ''time  distance"  curves,  or  diagrams. 

These  curves  were  constructed  on  a  sufficiently  large  scale  so  that  veloc- 
ities at  any  point  can  be  determined  by  finding  the  value  of  the  tangent 
to  the  curve  at  that  point,  and  after  having  constructed  such  a  velocity 
diagram,  acceleration  at  any  point  would  be  determined  by  finding  the 
value  of  the  tangent  to  the  velocity  curve  at  that  point. 

In  this  paper,  the  term  shaft  horsepower  means  the  actual  net  unbal- 
anced load  in  pounds  multiphed  by  the  distance  hoisted  or  lowered  in 
feet,  reduced  to  horsepower  and  does  not  include  friction  of  any  sort. 

The  following  figures  give  a  fair  idea  of  the  conditions  under  which  the 
large  hoisting  plants  in  Butte  have  to  operate: 

Balanced  Hoisting, 

Ore  hoisted  per  trip,  5  to  6  tons. 
Hoisting  depth  average,  1,800  ft. 

Hoisting  ore  in  balance,  31  loads  in  35  min.  from  1,800  ft.  depth,  equivalent  to  582 
average  shaft  horsepower  for  full  load  of  6  tons. 
Duration  of  sin^e  trip,  51  sec.  average. 
Work  to  be  done  per  single  trip,  770  shaft  horsepower. 
The  following  are  the  particulars  of  the  loads  carried  on  these  hoists: 


Weight 

Total 

Normal 

Ratio 

Kind 

Rope  for 

Skip  and 

Dead 

Load 

Dead 

of 

.1,800  ft. 

Cage, 

Load, 

Ore, 

Load  to 

Hoist 

de^th, 

lb. 

lb. 

lb. 

Ore 

Hoisted 

Speculator 

Drum 

4,800 

11,000 

15,800 

10,000 

1.58 

Diamond 

Reel 

10,700 

11,000 

22,700 

10,000 

2.27 

High  Ore 

Reel 

10,700 

11,000 

22,700 

8,000 

2.84 

Mountain  View 

Reel 

10,700 

11,000 

22,700 

10,000 

2.27 

The  ''dead  loads"  are  here  given  for  the  average  hoisting  depth  which 
is  1,800  ft.  It  will  be  noticed  that  these  dead  loads  are  much  greater  than 
in  average  hoisting  practice.  This  is  largely  due  to  the  Butte  practice  of 
permanently  attaching  a  cage  to  the  skip,  the  combined  weight  of  which 
is  equal  or  greater  than  the  weight  of  ore  hoisted,  while  in  average  hoist- 
ing practice  the  skip  weighs  from  60  to  70  per  cent,  of  the  ore  it  contains. 
Then  again,  when  flat  ropes  are  used  to  go  down  to  3,000-3,500  ft.  depths, 
these  ropes  become  very  heavy  and  increase  the  dead  loads  correspond- 
ingly. 

In  average  hoisting  practice  the  dead  loads  for  10,000  lb.  of  ore  hoisted 
per  trip  would  be  10,400  lb.  if  the  hoist  was  carrying  strong  enough  rope 
for  an  ultimate  depth  of  3,500  ft. 
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The  magnitude  of  the  dead  loads  in  a  hoist  is  an  important  factor  in 
the  mechanical  efficiency  of  the  hoisting  operation,  as  it  influences  the 
friction  and  the  dynamic  energy  that  has  to  be  supplied  to  the  hoist  in 
getting  up  to  speed  and  released  when  retarding  the  hoist.  Ordinarily 
this  dynamic  energy  is  lost  in  form  of  heat  on  the  brake  shoes. 

Occasionally  it  is  required  to  lift  unbalanced  loads  from  various  depths. 
In  some  mines  such  unbalanced  loads  come  most  frequently  from  the 
bottom  of  the  mine.  At  North  Butte  considerable  unbalanced  hoisting 
was  done  from  2,200  ft.  depth.  Hoisting  the  skip  and  cages  weighing 
11,000  lb.,  one-half  of  the  rope,  4,000  lb.,  and  the  load  of  12,000  lb.,  or  a 
total  of  27,000  lb.  from  2,200  ft.  gives  us: 

fe  1800  shaft  horsepower 

33000 

the  work  being  performed  in  one  minute. 

At  the  Mountain  View  some  of  these  imbalanced  loads  represented 
about  2,000  h.  p.  at  the  shaft.  The  average  work  per  day  of  these  hoists 
ranges  from  25  to  110  shaft  horsepower,  based  on  the  productive  work. 

The  chart  (Fig.  2),  in  which  the  eflFective  work  performed  at  the  shaft 
is  plotted  over  the  dial  of  a  clock,  gives  a  good  idea  of  the  continuity  of 
hoisting  at  these  mines.  The  charts  show  the  work  done  at  the  Specu- 
lator Shaft  Jan.  11  and  12,  1909,  and  is  a  good  average  of  the  operation 
at  the  mine.  Only  the  productive  work,  that  is,  the  work  represented  by 
the  hoisting  of  ore,  is  plotted. 

From  the  tachograph  diagrams  and  the  log,  the  weight  hoisted  and 
the  depth  were  determined,  also  the  time  during  which  the  work  was  done. 
Thus,  for  instance,  there  were  hoisted  from  12  KK)  to  12:45  a.  m.  31  loads 
from  1,800  ft.  depth,  or  155  tons,  representing  an  average  work  of: 

155X1800       ^^^  /    X  X 

=  6200  foot  tons  per  mmute  = 

376  shaft  horsepower  during  that  period. 

The  variation  in  the  load  during  the  period  under  consideration  as  de- 
termined from  continuous  indicator  diagrams  (Fig.  3),  time  distance 
curves  (Fig.  4)  and  tachograpH  cards  (Fig.  5)  is  shown  in  Fig.  6. 

Frequently  unbalanced  hoisting  was  done  when  one  compartment  was 
obstructed.  Figs.  7,  8  iftid  9  show  tachograph  card,  power  curve  and  con- 
tinuous indicator  diagrams  taken  March  8,  1909.  Following  a  period  of 
hoisting  ore  in  balance  from  the  1,800  ft.  level  the  station  tenders  were 
lowered  to  the  2,200  ft.  level  and  ore  hoisted  from  there  out  of  balance. 

A  glance  at  the  diagrams  showing  the  power  when  hoisting  in  balance 
from  1,800  ft.  depth  (Fig.  6)  shows  that  the  horsepower  fluctuates  from 
+2,300  to  — 1,600  i.  h.  p.,  the  average  during  this  period  being  630  i.  h.  p. 


2230 


COMPRESSED  AIS  STBTBM. 


^^■I^f^^ 


Fig.  2. — Diagram  Showing  PRODUcnvB   Work  at  Speculator  Shatt,   North 

BuiTB  Mine. 
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Fio.  4. — TiUE-DiBTANCB  Curve. 


FiQ.  6. — SxcnoN  or  Tachogkaph  Card. 


FiA  6. — Indicaixd  Horbxpowkr  Turn  Cubtz. 


COlfPBBBSED  AIB  8T8TEM. 


2233 


H 

5 


n;iji?.j*wii; ;.::::::::; 


miimimii 


....:i:::::::i: 


r 


S 

o 


S 

o 
o 

I 

hi 
O 


f 


1 I 


I  .  .  . 


3Q 


o 


Dq 


COHPRI»SED   AIR   8TBTBU. 


COMPRBSSED   AIR   SYSTEM. 


2235 


This  represents  very  nearly  the  average  balanced  hoisting  condition  at 
these  mines. 

From  the  diagrams  of  unbalanced  hoisting  from  2,200  ft.  depth,  Fig.  8 
shows  that  during  34.5  min.  the  horsepower  fluctuates  from  +  2,700  to 
-  900  h.  p.y  the  average  during  this  period  being  160  h.  p.  It  has  already 
been  pointed  out  that  most  of  the  unproductive  work  is  done  out  of  bal- 
ance. Occasionally  a  load  averaging  2,000  i.  h.  p.,  with  a  peak  2,700  i.  h.  p. 
follows  right  after  one  averaging  900  i.  h.  p. 

Much  energy  was  also  used  in  hoisting  waste  from  lower  to  upper  levels 
out  of  balance.  In  fact,  it  was  found  that  although  in  all  the  large  pro- 
ducers of  the  Butte  mines  an  auxiliary  hoist  was  installed  to  relieve  the 
mam  hoist  of  non-productive  work,  still  the  non-productive  and  unbal- 
anced hoisting  performed  with  the  main  hoists  covered  fully  as  much,  or 
more  energy,  than  the  productive  work.  That  is  largely  due  to  the  fact 
that  most  of  the  unproductive  hoisting  is  done  out  of  balance  and  that 
the  '^dead  loads,"  i.  e.,  ropes,  skips  and  cages,  are  usually  heavy.  Thus, 
the  skip  and  cage  attached  thereto  at  the  SpeculJEttor  shaft  weighed  about 
11,000  lb.  while  the  load  in  the  skip  was  10,000  lb. 

The  following  table  gives  a  good  idea  of  the  continuity  of  hoisting  and 
the  ratio  of  productive  to  non-productive  work.  The  work  done  is  ex- 
pressed in  effective  horsepower:    For  24-hr.  nm. 


Effective  horsepower  = 


Total  W't  hoisted  (lb.)  x  distance  in  ft.  hoisted 


Total  actual  time  (min.)  hoist  is  in  motion  x  33,000 


Effective  Horsepower. 


Produc- 

tive or 
Hoisting 
Ore 

Speculator 

565 

Diamond 

706 

High  Ore 

456 

Mountain  View. 

508 

Non-productive 


Men 


433 
449 
713 
493 


Total  Non- 
productive 

1,191 
1,079 
1,526 
1,124 


Ratio 
Prod.  Work 

to  Non- 
Prod.  Work 


1:2.12 
1:1.52 
1:3.34 
1:2.22 


Percentage  of 

time  during 

which  hoiat  is 

doing  positive 

work 


24.0 
19.6 
12.5 
21.6 


The  power  diagrams  Figs.  6  and  8  are  derived  from  the  continuous  in- 
dicator cards  by  measuring  up  every  individual  stroke  diagram  with  a 
planimeter,  determining  the  mean  effective  pressure,  and,  by  aid  of  the 
time-depth  diagram,  ascertaining  the  time  necessary  to  perform  each 
revolution  of  the  engine.  From  these  quantities  the  indicated  work  ex- 
pressed in  horsepower  was  calculated  for  each  revolution  of  the  hoist  and 
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plotted  on  time  basis  in  the  power  diagrams.  The  diagram  (Fig.  6)  for 
balanced  hoisting  shows  during  the  retardation  periods  a  negative  per- 
formance, i.  e.,  the  engine  pistcms  during  these  periods  did  work  upon  the 
steam.  This  is  the  result  of  the  practice  in  vogue  of  "plugging"  the 
engines.  To  do  this  the  valve  motion  is  reversed  at  the  commencement 
of  the  retardation  period  and  the  throttles  kept  partly  open.  The  bypass 
is  also  kept  partly  open.  The  effect  is  then  to  retard  the  motion  of  the 
pistons  with  steam  from  the  boilers,  which  steam  escapes  to  the  opposite 
side  of  the  pistons  and  from  there  to  the  atmosphere  as  the  exhaust  valve 
is  open  on  that  side.  The  quantity  of  steam  thus  escaping  and  its  pressure 
is  regulated  with  the  bypass  valve.  The  continuous  indicator  cards  show 
the  retarding  effect  due  to  this  mode  of  control,  which  results  in  the  de- 
velopment of  a  negative  work  of  nearly  1,000  h.  p.  during  part  of  the  re- 
tardation period.  It  is  plain  that  the  steam  used  when  ''plugging"  is 
absolutely  wasted,  but  as  will  be  shown  later  on,  an  improved  method  of 
"plugging"  was  devised  when  these  hoists  were  remodeled,  by  which  the 
greater  part  of  the  energy  used  in  retarding  the  hoists  is  returned  to  the 
power  system. 

It  was  found  that  the  mechanical  efficiency  of  these  hoists  varied  greatly 
and  that  the  friction  was  principally  in  the  shaft  guides  and  head  sheaves. 
This  was  proved  by  the  fact  that  in  all  cases  the  percentage  of  friction  is 
much  less  when  hoisting  out  of  balance  with  one  drum  or  reel  held  by  the 
brake  than  when  hoisting  in  balance.  Thus  we  found  that  when  hoisting 
from  a  depth  of  2,200  ft.,  the  friction  of  the  hoisting  engine,  ropes,  sheaves 
and  cages,  including  the  windage,  was  as  follows: 

In  Balance.    Out  of  Balance. 
Per  Cent.  Per  Cent. 

Speculator 21 . 1  13.0 

High  Ore 23.0  17.5 

Diamond 29.0  10.0 

The  friction  was  determined  by  hoisting  a  weighed  load  and  taking 
continuous  indicator  diagrams  while  the  load  was  hoisted.  The  friction 
is  then  the  difference  between  the  indicated  work  and  that  represented  by 
the  load  hoisted  2,200  ft.  The  percentages  given  refer  to  the  indicated 
work.  There  can  be  no  doubt  that  the  high  values  of  friction  found  in 
some  of  the  shafts  are  due  to  defects  in  the  shafts  and  it  is  very  probable 
that  in  some  of  the  cases  one  compartment  was  more  defective  than  the 
other.  In  the  Diamond  shaft,  for  instance,  the  compartment  in  which 
the  unbalanced  load  was  hoisted  had  free  guides,  while  the  cage  did  not 
run  freely  in  the  other  one  when  the  load  was  hoisted  in  balance.  It  is 
to  be  regretted  that  we  did  not  in  all  cases  test  out  the  friction  of  both 
compartments  of  the  shaft,  in  which  case  we  would  have  been  able  to 
present  more  complete  data  on  this  subject. 
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In  one  of  the  shafts  we  found  as  high  a  friction  as  40  per  cent,  of  the 
indicated  work*  This  shaft  was,  however,  in  bad  shape  at  the  time.  Ail 
friction  tests  conducted  on  unbalanced  hoisting  gave  consistent  results, 
the  lowest  friction  being  obtained  when  hoisting  at  a  low  speed.  The 
friction  seemed  to  increase  very  considerably  with  the  speed,  which  in- 
dicates that  the  effect  of  windage  is  greater  than  has  been  generally  as- 
sumed. There  are  very  few  data  available  on  friction  of  a  mine  hoist. 
Had  we  suspected,  at  the  time  we  made  our  tests,  what  the  results  were 
to  be  we  would  have  investigated  the  subject  more  fully.    It  is  plain, 


Fio.  10.— VEiiOCiTT  Curve.    Balanced  Hoisting  from  the  18th  Level  of  the  Spec- 
ulator Shaft,  North  Butte  Mine. 

from  the  results  obtained  when  hoisting  out  of  balance,  that  the  friction 
of  the  engine  proper  is  a  very  small  quantity,  probably  less  than  6  per 
cent,  m  any  of  the  engines  tested. 

Fig.  10  shows  a  rope  speed  curve  when  hoisting  in  balance  from  the 
1,800  ft.  level  with  a  drum  hoist.  The  load  is  hoisted  in  50  sec.  at  an  aver- 
age rate  of  about  36  ft.  per  second,  the  maximum  speed  reaching  about 
52  ft.  per  second.  The  initial  acceleration  is  about  8  ft.  per  second  and 
the  retardation  about  6.6  ft.  per  second. 

Fig.  11  shows  the  rope  speed  curve  of  the  reel  hoist  at  Diamond  mine 
lifting  the  load  in  balance  from  the  1,800  ft.  level.  The  load  is  here  hoisted 
^  ^  sec.,  so  that  the  average  speed  is  practically  the  same  as  in  case  of 
the  drum  hoist,  but  as  the  acceleration  and  retardation   here  average 


2238 


COHPBESSED   AIB  8T8TBM. 


only  about  2.5  ft.  per  second,  the  maxinnim  speed  reaches  as  high  a  value 
as  72  ft.  i>er  second.    The  rope  speed  curve  is  here  made  up  of  the  accel- 
eration and  retardation  curves,  meeting  at  the  point  of  nutTimnm  velocity. 
This  seems  to  be  the  characteristic  of  most  flat  rope  hoists. 
The  foregoing  shows  that  the  hoisting  is  periodical  in  all  these  mines 


Fig.  11. — Velocity  Curve.    Balanced  Hoisting  from  the  1,800-ft.  Level  op  the 

Diamond  Mine;  30-30  by  72  Reel  Hoist. 


and  done  at  a  high  rate  of  speed  with  high  acceleration  of  the  loads,  the 
masses  to  be  accelerated  being  excessively  large. 

The  average  of  the  work  performed  by  the  auxiliary  hoists  was  in  most 
cases  found  to  be  negative,  i.  e.,  the  work  done  in  lowering  material  into 
the  mine  exceeded  that  done  in  hoisting  out  of  the  mine.  Thus,  the  pos- 
itive work  done  in  hoisting  with  the  auxiliary  at  the  Speculator  mine  was 
found  to  be  995,000,000  ft.-lb.,  while  that  done  in  lowering  men,  timber, 
tools,  etc.,  was  1,073,000,000  ft.-lb.  per  twenty-four  hours,  making  a  total 
of  minus  78,000,000  foot  pounds  per  twenty-four  hours. 

In  several  minesi  where  large  quantities  of  waste  rock  are  lowered  from 
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the  surface  down  into  the  mine,  the  negative  work  performed  is  of  such 
magcutude  that  if  it  conld  be  recovered  and  the  energy  stored,  a  consider- 
able saving  would  be  the  result.  We  shall  show  further  on  how  this  was 
accomplished. 

Accurate  records  are  available  showing  the  work  done  and  energy  used 
by  the  steam  hoists  at  the  largest  producing  mines  at  Butte.  It  would 
take  up  too  much  space  to  exhibit  these  records  in  their  complete  form. 
The  examples  given  above  will,  however,  give  a  good  idea  of  the  magni- 
tude and  natiu'e  of  the  load  to  be  handled  by  the  Butte  hoists. 

When,  in  1909,  it  was  decided  to  operate  these  hoists  by  power,  trans- 
mitted electrically  to  Butte,  the  question  was  discussed  as  to  how  much 
these  existing  hoisting  conditions  could  be  modified  and  improved.  Any 
system  of  dispatching  whereby  the  starting  of  two  or  more  hoists  simul- 
taneously could  be  prevented  was  objectionable  from  a  mining  point  of 
view.  The  periods  of  heavy  hoisting,  with  corresponding  periods  of  light 
or  no  hoisting,  as  illustrated  by  Fig.  2,  could  not  be  materially  changed 
without  seriously  interfering  with  the  underground  operations. 

It  was  then  planned  to  regulate  the  hoisting  so  that  these  heavy  periods 
would  not  coincide  at  all  the  mines  as  they  did  at  that  time.  Up  to  the 
present  time,  however,  this  condition  has  not  been  changed  materially. 

Furthermore,  the  mining  company  desired  the  hoists  not  only  to  operate 
under  the  conditions  already  outlined  for  the  steam  hoists,  but  to  possess 
considerable  flexibility  to  allow  for  greater  hoisting  depths  in  the  future 
and  also  for  greater  rates  of  production.  After  consideration  of  all  these 
facts  the  Anaconda  Copper  Mining  .Ck)mpany  decided  not  to  attempt  to 
employ  any  method  of  operating  the  hoist  by  the  application  of  electricity 
directly  to  them  but  to  adopt  the  compressed  air  system  of  hoisting  de- 
signed by  the  writer. 

The  power  system  for  operating  the  hoists  of  the  Anaconda  Copper 
Mining  Company  mines  comprises: 

(a)  An  electrically  operated  air  compressing  plant  in  which  air  is  com- 
pressed to  90-lb.  pressure. 

(b)  The  electric  current  is  generated  by  water  power  located  at  a  dis- 
tance of  150  miles  from  Butte.  In  order  that  a  maximum  amount  of 
energy  can  be  transmitted  through  such  long  transmission  line  it  is  im- 
portant that  the  work  is  perfectly  equaUzed  and  all  peaks  in  the  load 
eliminated.  This  requires  an  air  storage  of  great  capacity  and  one  in 
which  the  stored  energy  can  be  held  without  loss  for  extended  periods. 

(c)  Air  reheating  plants  at  the  different  shafts. 

(d)  The  hoisting  engines  were  provided  with  new  cylinders  designed 
for  economical  use  of  the  compressed  air.  The  old  and  wasteful  auxiliary 
hoists  were  replaced  with  new  ones,  specially  designed  for  compressed  air. 

The  air  storage  plant  was  connected  with  the  rock  drill  system  so  that 
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during  the  idle  periods  when  little  or  no  air  was  used  by  the  hoists,  the 
air  could  be  turned  into  the  rock  drill  system. 

At  present  upward  of  25  per  cent,  of  the  total  capacity  of  the  com- 
pressor station  is  sent  into  the  mine.  This  not  only  helps  out  the  mine 
system  but  provides  a  high  load  factor  for  the  compressor  station. 

Description  of  the  Plant. 

*The  100,000-volt  substation  at  Butte  is  located  near  the  center  of 
the  district  in  which  the  power  is  distributed.  The  substation  building 
is  150  ft.  by  50  ft.  in  plan  and  50  ft.  high.  It  is  a  brick-walled,  steel-framed 
structure  with  concrete  floors  and  roof. 

There  are  installed  at  present  two  banks  of  single-phase  transformers, 
rated  at  3,600  kw.  per  bank  and  two  banks  rated  at  7,200  kw.  per  bank,  con- 
nected in  delta;  on  both  high  and  low  tension  sides.  They  step  the  voltage 
down  from  102,000  to  2,500,  at  which  voltage  it  is  distributed  to  customers. 
The  transformers  are  installed  in  fireproof  compartments,  entirely  shut 
off  from  the  rest  of  the  building  by  brick  walls  and  opening  only  out  of 
doors.  The  transformers  are  mounted  on  wheels  and  can  readily  be  run 
out  on  to  a  flatcar  which  stands  on  a  track  running  parallel  with  the 
building  in  front  of  the  row  of  transformer  compartments.  This  arrange- 
ment furnished  a  convenient  method  of  handling  the  transformers,  both 
at  the  time  of  installation  and  afterwards,  in  case  it  is  necessary  to  make 
repairs. 

On  the  gallery  above  the  transformer  compartments  are  located  the 
electrolytic  lightning  arresters.  On  the  gallery  opposite  are  the  100,000- 
volt  line  switches.  Possibly  the  most  imique  feature  of  th«  electrical  lay- 
out is  the  100,000-volt  bus  construction.  For  flexibility  in  switchmg, 
duplicate  busses  are  provided.  The  busses  themselves  are  made  of  1.5-in. 
iron  pipe  suspended  by  standard  line  insulators  from  the  roof  trusses  of 
the  building.  The  three  conductors  of  each  three-phase  bus  are  suspended 
one  above  another,  each  being  supported  by  the  next  one  above.  The 
connections  to  the  lines  are  also  of  iron  pipe,  making  the  bus  structure  as 
a  whole  quite  rigid  and  well  adapted  to  the  use  of  suspension  insulators. 

The  switchboard  is  in  two  sections,  one  section  operating  all  line  and 
transformer  switches,  which  are  remote  controlled;  the  other  section 
taking  care  of  the  2,500-volt  feeders,  which  are  controlled  by  hand-oper- 
ated automatic  switches. 

AH  electrical  apparatus  in  the  substation  was  supplied  by  the  General 
Electric  Co. 

The  load  supplied  in  Butte  is  confined  entirely  to  the  mines,  the  power 
being  used  chiefly  for  the  operation  of  motor-driven  air  compressors  and 
electrically  driven  pumps. 

^Substation — reprinted  from  an  article  by  Max  Hebgen  in  the  "General  Electric  Review  " 
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The  load  is  very  nearly  uniform  for  twenty-four  hours  each  day  through- 
out the  year.    The  load  factor  is,  in  fact,  close  to  90  per  cent. 

Description  of  Compressor  Station. 

In  the  compressor  house  which  is  located  close  to  the  substation  there 
are  installed  six  Nordberg  two-stage  compressors,  three  of  which  are 
fitted  with  variable  capacity  valve  gear  for  automatically  varying  the 
capacity,  while  the  other  three  rim  at  a  fixed  capacity.  The  compressors 
are  directly  connected  to  Westbghouse  synchronous  motors  and  each 
compressor  runs  at  a  speed  of  76  rev.  per  min.  Fig.  12  shows  an  interior 
view  of  the  compressor  house.  The  cylinder  dimensions  of  all  compres- 
sors are  30  and  50  by  48  in.  The  pistons  of  these  compressors  are  supported 
outside  the  cylinders,  on  crossheads  running  in  oiled  guides,  the  piston 
rods  being  very  large  in  diameter  so  as  to  insure  minimum  deflection. 
Only  the  packing  rings  touch  the  cylinder  walls.  The  variable  capacity 
compressors  have  Corliss  inlet  valves  and  automatic  discharge  valves, 
the  capacity  being  regulated  by  the  closure  of  the  inlet  valves  at  differ- 
ent points  of  the  stroke  by  means  of  a  releasing  mechanism  under  con- 
trol of  a  pressure  regulator.  The  constant  capacity  compressors  are  fitted 
with  positively  operated  Corliss  valves  for  inlet  and  discharge.  These 
compressors  show  a  high  eflSciency.  A  set  of  indicator  cards  from  these 
compressors  is  shown  in  Fig.  13.  The  capacity  of  the  compressors  is  at 
76  rev.  per  min. — 7,650  cu.  ft.  of  free  air  per  minute.  The  atmospheric 
pressure  at  the  power  plant  is  12  lb.  absolute  and  the  normal  air  pressure 
90  lb.  gauge,  or  the  same  as  used  on  the  rock  drill  system,  but  when  cards 
(Fig.  13)  were  taken  the  discharge  pressure  was  98.2.  The  indicated  work 
is  1,099  h.  p.,  while  the  theoretical  work  of  perfect  two-stage  compression 
with  perfect  intercooling  and  no  pressure  losses  is  1,045  h.  p.  referred  to 
tlie  actual  air  compressed. 

As  the  starting  of  these  compressors,  if  done  by  the  electric  motor  in 
the  ordinary  wa}',  would  throw  peaks  of  considerable  magnitude  upon  the 
electric  system,  a  new  method  of  starting  was  adopted  whereby  such 
peaks  are  entirely  avoided.  The  valve  motion  of  the  compressors  was 
fitted  with  a  reversing  gear  whereby  the  valves,  for  the  purpose  of  start- 
ing, are  so  adjusted  as  to  turn  the  machine  into  an  air  motor.  In  the 
Butte  power  system  there  is  always  a  large  volume  of  air  stored  and  main- 
tained under  90  lb.  pressure.  The  compressors  are  thus  started  and  brought 
up  to  speed  by  the  energy  in  the  stored  air.  When  up  to  speed  and  in 
synchronism  with  the  generators  150  miles  away  and  with  other  compress- 
ors runnhig,  the  electric  current  is  switched  on  and  valve  motion  reversed. 
The  machine  inunediately  starts  to  compress  air.  Thus,  when  starting 
no  electricity  is  used  and  when  the  air  compression  begins  with  the  com- 
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pressor  up  to  speed  and  in  synchronism,  the  power  is  only  the  normal 
power  necessary  for  the  compression.  This  starting  gear  works  very  sat- 
isfactorily. At  the  end  of  April  and  be^nning  of  May,  1912,  Butte  was 
visited  by  several    severe  electric  storms  which  caused  interruption  in 


Ifce  operations  of  the  compressors  several  times.  At  that  time  there  were 
/our  compressors  installed,  three  running  and  one  in  reserve.  On 
May  2,  1912,  during  a  particularly  severe  storm,  all  three  compressors 
were  stopped  by  lightning.  The  shutdown  was  not  of  long  enough  dura- 
tion to  interrupt  the  hoisting,  and  the  time  required  to  start  the  three 
s  less  than  fqiir  minutes  from  the  moment  when  the  first 
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compressor  started  imjbil  all  itttee  were  in  step,  reversed  and  compressing 
air  into  the  system.     *-  ' 

The  compressors  ar^  coJinected  to  a  number  of  large  air  receivers  and 
these  to  the  distributing  main  in  a  manner^^  shown  in  Fig.  17,  from  which 
can  be  seen  that  any  of  the  receiver^  cknoe  shut  oflF  from  the  system  for 
inspection  or  repairs,  theref  being  a  valve  on  each  side  of  the  receiver  for 
that  purpose.  Figs.  14  and  15  show  respectively  the  variable  and  the 
^constant  capacity  compressors. 

Air  Storage. 

In  order  to  equalize  the  load  on  the  compressor  station,  it  was  neces- 
sary to  provide  for  two  kinds  of  peak  lo^s  on  the  hoists,  first — the  peak 
due  to  the  acceleration  of  any  hoist.  These  peaks  are  very  large  but 
last  for  a  few  seconds  only.  To  take  care  of  this  condition,  storage  re- 
ceivers of  suflScient  capacity  to  liberate  sufficient  air  for  the  acceleration 
of  the  hoist  without  excessive  pressure  drop  were  installed  at  each  hoist. 
The  highest  rate  of  air  consumption  at  the  large  hoists  is  at  the  rate  of  about 
60  cu.  ft.  of  compressed  air  per  second  for  6  sec.  This  condition  deter- 
mines the  air  receiver  capacity  necessary,  each  requiring  four  receivers 
of  2,100  cu.  ft.  volume.  It  will  be  readily  understood  that  as  the  pipe  lines 
from  the  compressors  to  the  different  hoists  on  the  system  are  of  con- 
siderable length  that  the  capacity  of  the  pipe  lines  are  of  little  value  as 
storage  reservoirs  imless  accompanied  by  a  prohibitive  pressmre  drop. 
The  installation  of  the  above  receivers  therefore  allows  the  pipe  lines 
to  be  designed  for  average  flow. 

The  amount  of  energy  that  can  be  stored  in  the  receivers  or  expansion 
tanks  is,  however,  Umited.  Calling  the  volume  of  compressed  air  supplied 
to  each  receiver  during  any  given  length  of  time  if,  the  volume  drawn  from 
the  receiver  by  the  hoist  during  the  same  time  Vi,  and  the  volume  of  the  re- 
ceiver V  gives  us 

V= and  r 


1—1  V+{vr--v) 


if  r  is  the  ratio  of  the  final  to  the  initial  pressure  in  the  receiver  during  the 
same  time. 

During  the  acceleration  period  when  the  maximum  rate  of  air  con- 
sumption may  reach  60  cu.  ft.  per  second  for  5  sec.  5X60=300  cu.  ft. 
for  5  sec,  we  get,  if  air  is  supplied  to  the  receiver  at  the  rate  of  15  ft.  per 
second,  under  which  condition  there  is  no  appreciable  drop  of  pressure  in 
the  pipe  line: 
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F-4X2100-8400  cu.  ft.    9-5X15-75  cu.  ft.    vi  -300  cu.  ft. 

»i— »-275. 

8400 
»•-  8400--— ——-=—— -0.97 
8400+275    8675 

so  that,  if  the  initial  pressure  in  receiver  is  90+12-102  lb.  absolute, 

the  final  pressure  will  be  102X0.97-99  lb.,  or  the  pressure  drop  3  lb. 

As  the  air  in  the  pipe  line  is  accelerated  during  the  acceleration  period 

of  the  hoist,  and  therefore  attains  -i^  higher  rate  of  speed  than  15  ft.  per 

second,  the  pressure  drop  during  the  period  will  actually  be  less  than 

3  lb.  The  pipe  lines  are  made  of  such  diameter  that  they  will  allow  a  flow 

of  2,700  cu.  ft.  of  compressed  air  per  minute  or  45  cu.  ft.  per  second  with 

a  pressure  drop  of  5  lb.    The  heaviest  unbalanced  loads  ^  call  for  an  air 

consumption  of  40  cu.  ft.  per  second  and  as  they  are  hoisted  in  one  minute 

of  time,  2,400  cu.  ft.  of  compressed  air  will  during  that  time  flow  into 

the  hoist  cylinders. 

The  pressure  drop  will,  therefore,  be  less  than  5  lb.  as  less  air  is  taken 
out  of  the  receiver  than  can  be  supplied  to  it  from  the  pipe  line  with 
5  lb.  drop. 

Each  of  the  large  hoists  is  fitted  with  four  storage  receivers  aggre- 
gating 8,400  cu.  ft.  capacity  and  there  are  similar  receivers  installed  at 
the  compressor  plant.  As  all  these  receivers  are  connected  by  the  pipe 
lines  they  will  act  together  in  case  of  any  heavy  demand  of  air,  no  matter 
if  this  air  is  demanded  at  one  hoist  or  at  several  hoists  simultaneously. 
In  order  to  show  in  how  far  remote  these  receivers  can  equalize  the  de- 
mand for  power  if  heavy  hoisting  is  going  on  simultaneously  in  several 
mines,  we  will  assume  that  in  three  of  the  largest  producers  hoisting  is  in 
progress  from  1,800  ft.  depths  and  that  in  each  36  loads  are  raised  in  36 
min.  This  is  a  condition  that  actually  exists  and  must  be  met,  and  each 
trip  requires  1,012  cu.  ft.  compressed  air.  Three  compressors  are  running, 
each  supplying  880  cu.  ft.  compressed  air  per  minute,  or  2,640  cu.  ft.  per 
minute  for  the  three. 

There  are  at  the  different  mines  connected  to  the  system  40  air  re- 
ceivers and  on  the  compressors  12  receivers,  or  a  total  of  52  receivers, 
each  of  2,100  cu.  ft.,  so  that  the  aggregate  receiver  volume  will  be  52  X 
2,100  =  109,200  cu.  ft.    We  have  thus: 

V  -2640X36-95040 
vi  1012X3X36-109296 

V  -109200 

V 
r   — 

V+(vi — v) 

rt  v—  - 14256 

109200    ^  „„^ 
r  --^^^^—-0.886 

123456 
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At  the  end  of  the  36-miii.  period  there  is  thus  a  pressure  on  the  system 
of  102X0.886  =90  lb.  absolute.  The  air  pressure  has  then  dropped  12  lb. 
during  that  time.  From  the  above  can  be  seen  that  air  receivers  placed 
in  the  pipe  line  are  not  very  eflfective  when  it  is  required  to  store  much 
energy.     Such    receivers  can    liberate  only  a  limited  volume   of   air  = 

V( 1  j  depending  on  the  drop  of  pressure.     In  the  foregoing  example 

the  receiver  volume  was  109,200  cu.  ft.,  with  a  12-lb.  drop  and  90  lb.  initial 
gauge  pressure  the  volume  of  air  liberated  is 

or  only  a  little  over  11  per  cent,  of  the  receiver  volume. 

In  this  respect  the  action  of  such  air  receivers  (expansion  tanks)  is 
identical  with  that  of  a  flywheel  in  an  Ilgner  transformer.'  In  both  cases 
only  part  of  the  stored  energy  can  be  liberated.  There  is,  however,  no 
loss  incurred  when  storing  energy  in  the  form  of  compressed  air  if  the 
receiver  is  tight,  while  in  case  of  a  fast  running  flywheel  considerable 
power  has  to  be  consumed  to  overcome  friction  and  windage,  which  power 
is  absolutely  lost.  The  action  of  the  flywheel  in  this  respect  is  similar 
to  that  of  a  leaky  air  receiver  from  which  there  is  a  constant  leakage 
of  such  magnitude  that,  if  filled  with  air,  the  air  would  in  a  few  noinutes 
be  lost.    An  illustrative  example  of  this  will  be  given  further  on. 

The  foregoing  shows  how  the  instantaneous  peaks,  due  to  acceleration 
of  hoists,  were  taken  care  of,  but  in  addition  to  these  instantaneous  peaks 
there  were  longer  peaks  due  to  rapid  periods  of  hoisting  as  illustrated 
by  Fig.  2. 

In  order  to  get  an  idea  of  what  peaks  would  arise  from  such  conditions 
the  writer  estimated  that  if  all  the  mines  of  the  Butte  district  were  con- 
nected to  the  power  system  and  operated  with  compressed  air,  and  if  the 
operation  could  be  so  regulated  that  the  periods  of  high  air  consumption 
would  not  overlap  each  other  at  the  different  mines,  the  resultant  air  con- 
sumption would  be  as  per  diagram  Fig  16.  This  diagram  is  based  upon 
investigation  at  different  mines  in  the  year  1909  and  includes  27  hoisting 
engines  of  various  sizes  and  capacities.  According  to  this  chart  the  highest 
rate  of  air  consumption  would  be  37,200  cu.  ft.  free  air  per  minute,  and 
the  average,  27,660  cu.  ft.^ 

*  It  can  be  seen  from  this  chart  that  there  are  10  peaks  in  the  air  consumption  curve, 
above  the  average  and  10  depressions.  The  different  peaks  and  depressions  are  in  reality/ 
the  average  of  a  great  number  of  peaks  and  depressions  of  very  g^eat  magnitude,  result' 
ing  from  the  simultaneous  acceleration  of  several  hoists  and  simultaneous  periods  of 
short  duration  during  which  the  air  consumption  is  very  low.  Some  of  these  peaks 
fi^re  as  high  as  100,000  cu.  ft.  of  free  air  per  minute  dbring  a  few  seconds  of  time. 
Such  air  consumptions,  as  have  been  stated  before,  are  taken  care  of  by  the  expansion 
tanks. 
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Fio.  20. — BuTTB  Hoist  Compressor  Plant  and  Hydrostatic  Pressure  Ststbh, 

Butte   Mont. 
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To  provide  for  this  peak  of  44,000  eu.  ft.  capacity  with  expansion  tanks 
would  mean  that  with  a  pressure  drop  of  10  per  cent,  {v  -O.O)  we  would 

then  have    (vi—i;) -44,000  =  F(^  —  i)-0.iF  or  7-440,000.^    Such  a 

storage  receiver  would  be  prohibitively  large. 

If,  therefore,  a  uniform  load  on  the  electric  motors  operating  the  hoist- 
ing engines  is  aimed  at,  most  of  the  energy  used  must  necessarily  be  stored 
energy;  hence,  the  storage  device  must  not  only  have  great  capacity,  but 
must  also  retain  the  stored  energy  without  loss.  A  body  of  water  located 
at  a  certain  elevation  above  a  suitable  motor  would  be  an  ideal  device  for 
storing  power.  The  whole  potential  energy  of  it  would  be  available  for 
generating  power,  and  as  long  as  the  reservoir  and  its  connections  are 
tight,  the  energy  can  be  kept  in  storage  for  an  indefinite  period  of  time. 

The  hydrostatic  storage  plant  forming  part  of  the  Butte  power  system 
consists  of  a  number  of  air  receivers  connected  so  the  whole  forms  a  re- 
ceiver of  about  66,000  cu.  ft.  capacity.  Some  210  feet  above  these  re- 
ceivers there  is  an  open  water  tank  100  ft.  in  diameter.  A  pipe  leads 
from  the  bottom  of  this  tank  to  the  bottom  of  the  air  receivers.  Air  from 
the  compressor  plant  is  piped  to  the  top  of  these  air  receivers.  Fig.  20  is 
a  general  drawing  of  this  plant.  Water  is  run  into  the  elevated  tank  until 
the  lower  tanks  and  the  rising  main  are  filled  up  to  the  bottom  of  the 
elevated  tank.  When  air  is  compressed  into  the  lower  tanks  it  drives 
the  water  out,  and  when  66,000  cu.  ft.  of  compressed  air  have  been  pumped 
into  these  tanks  the  water  is  out  and  nearly  fiils  the  upper  tank.  A  long 
return  bend  is  formed  in  the  water  pipe,  which  bend  runs  down  hill  for 
a  considerable  distance,  so  that,  if  the  water  is  driven  out  of  the  air  re- 
ceivers, the  air  pressure  will  have  to  rise  very  materially  before  it  can 
force  the  water  out  around  the  bend  and  before  air  could  enter  the  water 
pipe  and  blow  out  into  the  upper  tank. 

Fig.  18  shows  the  open  tank  on  top  of  hill  with  the  substation  and  com- 
pressor house  in  the  backgroimd,  and  Fig.  19  shows  the  hydrostatic  re- 
ceivers at  foot  of  the  hill. 

The  diagram  in  Fig.  21  illustrates  the  capacity  of  this  storage  system. 
When  the  air  receivers  are  full  of  air  and  all  the  water  is  in  the  upper  tank 
we  have  stored  up  66,000  cu.  ft.  of  water  under  a  head  of  210  ft.  The 
potential  energy  of  this  water  is  865, 141 ,200  foot  pounds  and  is  represented 
in  the  diagram  by  the  shaded  area  A,  In  addition  to  this  there  is  available 
for  power  the  expansion  force  of  air  at  90  lb.  pressure  represented  by  the 
shaded  area  B  in  the  diagram,  the  potential  energy  of  which  is  730,179,000 
foot  pounds.  We  have  thus  in  this  plant  a  total  capacity  of  storage  of 
l|595,320,20O  foot  pounds. 

It  may  be  of  interest  to  compare  the  capacity  of  this  storage  plant  with 
other  devices  used  for  the  same  purpose.    Thus  we  have  &(hown  that  air 
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receivers  placed  on  the  compressed  air  pipe  line  system  and  liberating 
energy  by  drop  of  pressure,  will  with  12  per  cent,  drop  in  pressure  hbe- 
ate  about  11  per  cent,  of  the  volume  of  air  contained  in  such  receiveis. 


Fia.  21. — DiAORAU  Showinq  Htdrobtatic  Ststeu. 


In  order,  therefore,  to  liberate  66,000 
have  a  volume  of 

66000 


0.11 


or  600,000  cu.  ft. 


The  flywheel  transformers  used  at  the  Matthias  Stinnes  Mines  at 
Essen,  in  Germany,  and  which  are  among  the  largest  built  so  far,  have 
two  flywheeels  weighing  44  tons  each  and  running  at  a  rim  velocity  of 
about  17,000  ft.  per  minute  maximum.  In  delivering  power  the  speed  is 
allowed  to  drop  about  18  per  cent.    The  maximun  speed  is  about  284  ft 
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per  second.  The  radius  of  gyration  of  these  wheels  is  about  0.8  of  the 
radius  of  outside  of  rim,  so  that  the  masses  of  the  wheels  act  with  a  max- 
imum velocity  of  0.8X284  «  227  ft.    The  energy  of  the  revolving  wheel 

at  full  speed  is  thus: 

2  X  88000 

X  227^  =  140,000,000  ft.  lb.  approximately, 

It  X  o^.  17 

A  drop  of  speed  of  18  per  cent,  brings  the  minimum  velocity  at  radius 
of  gyration  down  to  0.82  X  227  =  about  186  ft.  per  second.  The  poten- 
tial energy  in  the  wheel  at  that  speed  is  thus: 

2X88000 

— — -  -;  X  186^  =  94,000,000  ft.  lb.  approximately. 

2X  32.17 

The  available  energy  stored  is  thus  140,000,000-94,000,000=46,000,000 
footpounds.  The  statement  was  made  to  the  writer  at  the  mines  that  it 
required  over  300  h.  p.  to  keep  up  the  full  speed  on  this  apparatus  when 
nmning  idle,  240  h.  p.  would  then  be  a  safe  estimate  of  the  average  power 
if  the  speed  drops  18  per  cent. 

240  h.  p.  is  240X33,000=7,920,000  foot  pounds  per  min.,  dissipated 
energy,  so  that  the  whole  amount  of  stored  energy  would  be  lost  in 

46000000 


7920000 


5.8  minutes. 


George  McCulloch,  in  his  book  on  winding  engines,  states  that  the 
Hgner  transformer  at  the  Deutscher  Kaiser  Mine  requires  95  kw.  to  run 
idle.  This  transformer  is  said  to  have  a  46-ton  wheel  running  370  rev.  per 
min.  The  rim  speed  is  not  given  but  it  is  stated  that  the  maximum  kinetic 
energy  of  the  wheel  is  81,600,000  foot  pounds.  The  power  required  and  the 
energy  of  the  wheel  are  nearly  in  proportion  to  that  given  above  for  the 
larger  transformer  at  the  Matthias  Stinnes  Mines.  In  that  case  it  was 
found  that  about  one-third  of  the  total  maximum  energy  could  be  liberated. 
Let  us  assume  that  in  case  of  the  transformer  wheel  at  the  Deutscher  Kaiser 
we  also  can  hberate  one-third  of  the  maximum  energy  or  about  28,000,000 
foot  pounds  of  work.  The  power  to  keep  up  the  full  speed  was  in  this  case 
95  kw.  or  an  average  of  77  kw.  if  this  speed  drops  18  per  cent. 

=  77  X  44,240  =  3,400,000  foot  pounds  per  min. 

The  stored  energy  is  thus  dissipated  in     ^  ^  ^  ^    =  about  8.25  min. 

^  ^  3400000 

A  compressed  air  storage  of  any  type  is  not  subject  to  leaks  of  such 
magnitude  and  is  therefore  better  adapted  to  the  conditions  of  hoisting 
as  they  exist  in  most  ore  mines  where  the  work  is  irregular  and  the  load 
factor  very  low.  The  storage  system  used  in  Butte  is  no  doubt  the  best 
as  the  whole  energy  stored  can  be  drawn  upon.    At  Butte  the  air  receivers 
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forming  part  of  this  storage  had  to  be  made  of  steel.  la  many  localities 
the  air  receiver  can  be  built  into  the  country  rock  and  in  that  case  even 
a  much  larger  volume  of  air  can  be  stored  than  in  the  plant  described 
above.  Mr.  MacNaughton  is  now  constructing  an  underground  air 
storage  receiver  at  the  Cahimet  &  Hecla  Mine  which  will  have  a  volume 
of  252,000  cu.  ft.  It  will  be  nearly  four  times  as  large  as  the  Butte  air 
storage  plant.  With  a  10  per  cent,  drop  of  pressure  (r  =  0.9),  such  re- 
ceiver will  liberate  252,000  X  0.1  =  25,200  cu.  ft.  of  compressed  air. 
It  will  be  the  largest  air  storage  receiver  thus  far  built  in  the  world. 

A  test  was  made  two  years  ago  to  determine  the  eflSciency  of  the  Butte 
air  storage  system.  The  storage  system  was  filled  with  air  and  the  com- 
,  pressor  stopped.  The  Mountain  View  hoist  was  then  run  for  an  hour 
with  stored  energy,  hoisting  regular  loads  of  5  tons  in  balance.  21  skips 
were  hoisted  from  a  depth  of  1,870  ft.  and  16  skips  from  1,570  ft.  depths. 
The  drop  of  the  water  level  in  the  100  ft.  tank  was  then  measured.  Then 
the  compressor  was  started  and  the  air  drawn  from  the  system  during 
the  run,  which  was  of  one  hour's  duration,  was  restored. 

The  electrical  input  to  compressor  for  restoring  the  air  was  ascertained. 
Indicator  cards  were  taken  during  the  run,  which  showed  a  very  low 
mechanical  efficiency  of  the  combined  engine  arid  hoisting  gear,  due  to 
the  fact  that  the  Mountain  View  shaft  was  crooked,  causing  binding  of 
the  skips.  The  mechanical  efficiency  was  here  only  69  per  cent,  when 
hoisting  from  1,870  ft.  and  ^7  per  cent,  hoisting  from  1,570  ft.  depths. 

The  result  of  the  test  was  that  327  h.  p.  at  this  shaft  required  an  elec- 
trical input  to  the  motor  of  compressor  of  836  kw.  or  2.56  kw.  per  shaft 
h.  p.  Correcting  this  for  the  excess  friction  of  the  Mountain  View  shaft 
over  that  found  by  test  at  the  High  Ore  and  Speculator  shafts,  in  both 
of  which  the  mechanical  efficiency  of  the  hoisting  engines  and  skips  was 
about  80  per  cent.,  we  get  an  input  of  2.04  kw.  per  shaft  h.  p. 

Thi^  test  was  made  with  very  moderate  heating  of  the  air  (air  tem- 
perature 258°)  and  the  retardation  at'  the  end  of  each  run  was  done  by 
"plugging"  the  engine  in  the  old  way  and  not  by  compressing  air  back 
to  the  system. 

The  Air  Heaters, 

The  air  reheaters  on  this  power  system  are  of  an  indirect  type,  in  which 
steam  of  200  lb.  pressure  is  used  as  the  heating  medium.  In  nearly  all 
of  the  mines  there  is  a  steam  heating  plant  for  the  dry  house.  The  small 
boiler  that  furnishes  steam  for  the  air  heater  is  placed  in  the  boiler  house 
with  the  boiler  for  the  dry  house  and  one  fireman  can  take  care  of  both. 
In  most  cases  the  air  heater  is  located  at  a  higher  elevation  than  the  boiler 
house  so  that  the  water  of  condensation  from  the  air  heater  runs  by 
gravity  back  to  the  boiler  as  soon  as  it  is  formed. 
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Fio.  22. — Detail  or  Air  Heater. 
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Fig.  22  shows  a  section  of  the  air  reheater^  and  Fig.  23  the  manner 
in  which  it  is  connected  to  the  boiler.  The  heater  consists  of  an  outer 
vertical  cylinder  in  which  are  placed  three  cylindrical  shells  closed  at  the 
ends  by  tube  heads.  A  number  of  tubes  are  expanded  into  these  tube 
heads,  which  tubes  run  through  the  shells.  The  three  (3)  inner  shells 
are  moimted  one  above  the  other,  the  lowest  one  resting  on  a  ledge  formed 
in  the  outer  cylinder.  The  air  enters  at  the  bottom,  passes  through  the 
tubes  of  the  inner  shells  and  sweeps  over  the  outer  surface  of  the  upper 
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Fig.  23. — System  fob  Reheating  Air, 

one  of  these  inner  shells  before  it  passes  out  of  the  heater.  The  inner 
shell  is  filled  with  steam  of  200  lb.  pressure  which  surrounds  the  tubes. 
The  steam  enters  the  upper  one  of  the  inner  shells  near  its  top.  Balancing 
pipes  are  fitted  between  the  bottom  of  the  upper  and  top  of  the  middle 
shell,  and  between  bottom  of  this  and  top  of  lower  shell.  The  water 
formed  by  condensation  leaves  the  lower  shell  at  the  bottom.  It  has 
been  found  that  the  water  of  condensation  is  a  very  efficient  medium 
for  transmitting^  heat  to  air,  in  fact,  more  efficient  than  the  steam.  It 
is,  therefore,  important  to  regulate  the  water  level  so  that  the  temperature 
of  the  outgoing  water  is  a  minimum.  For  this  purpose  the  heaters  are 
provided  with  a  water  column  inside  of  which  is  a  vertical  pipe  con- 
nected to  the  water  discharge  on  the  lower  inner  shell  of  the  heater.  There 
are  several  openings  at  different  heights  in  the  vertical  pipe,  perforating 
its  walls  and  provided  with  stop  valves  so  that  any  of  these  openings 
can  be  closed.  At  the  lowest  point  of  the  outer  pipe,  or  water  column, 
is  the  discharge  nozzle  which  is  piped  to  the  boiler.    By  closing  the  dis- 
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charge  holes  in  the  inner  pix>e  in  succession,  beginning  with  the  lowest 
one,  the  water  level  in  the  inner  heater  shells  can  be  elevated  to  the  de- 
sired point. 

The  Hoisting  Engines. 

The  largest  producing  mines  in  the  Butte  district  are  the  following: 

Mountain  View  West  Stuart 

High  Ore  Pennsylvania 

Diamond  Tramway 

Original  Leonard 

Of  these  the  Mountain  View,  High  Ore  and  Diamond  use  flat  ropes 
and  reels;  the  others  use  12  ft.  drums  with  1  J^in.  roimd  ropes.  The  power 
requirements  of  the  different  mines  of  this  group  are  very  nearly  iden- 
tical. As  these  engines  were  in  good  condition,  and  of  ample  strength 
in  all  parts,  the  only  change  necessary  for  adapting  them  to  the  econom- 
ical use  of  compressed  air  was  in  the  cylinder  construction  and  the  oper- 
ating gear. 

At  each  of  these  mmes  and  also  in  other  mines  operated  by  the  Ana- 
conda Copper  Mining  Co.  there  were  auxiliary  hoists,  several  of  which 
did  more  lowering  than  hoisting.  These  smaller  hoists  were  discarded 
and  replaced  with  new  ones  so  designed  that  the  downgoing  load  com- 
presses air  and  returns  it  to  the  storage  plant.  12  new  hoists  with  cylin- 
ders 28  in.  by  48  in.  and  6  ft.  dnrnis  were  built,  four  of  which  were 
provided  with  double  clutched  drums.  All  these  hoists  have  a  winding 
capacity  of  3,500  ft. 

Figs.  24  and  25  show  one  of  the  new  air  cylinders  fitted  to  the  main 
hoists.  Nine  sets  of  such  cylinders  were  made,  all  being  34  in.  diam. 
by  72  in.  stroke.  Fig.  26  gives  a  view  of  the  single  drum  auxiliary  hoists, 
and  Fig.  27  gives  a  view  of  the  double  drum  auxiliary  hoist.  These  views 
were  taken  at  the  works  of  the  Nordberg  Mfg.  Co.,  where  the  machinery 
was  built. 

I  think  that  this  machinery  is  the  first  attempt  to  build  large  air  motors 
designed  to  use  compressed  air,  so  as  to  approach  the  efficiencies  that 
theoretically  should  result  when  air  is  compressed,  heated  and  expanded. 
Theoretically  one  cubic  foot  of  free  air  at  the  atmospheric  pressure  at 
Butte  requires  4,356  foot  pounds  of  energy  for  compression  to  102  lb. 
absolute,  or  90  lb.  gauge  pressure  if  the  work  was  done  in  a  perfect  2-stage 
compressor.  The  total  mean  effective  pressure  of  this  process  is  30,248 
lb.  per  sq.  in.  The  temperature  of  air  discharged  from  this  compressor 
is  250^  F.  if  the  initial  temperature  is  60**  F. 

A  perfect  two-«rtage  compressor  is  one  without  clearance  and  without 
pressure  losses.    The  air  is  oooled  to  the  initial  temperature  (say  60^  F.) 
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before  entering  high-pressure  cylinder.  The  cylinders  are  so  propor- 
tioned that  one-half  of  the  work  is  done  in  each. 

If  the  heat  of  compression  is  lost  bo  that  the  temperature  of  the  com- 
pressed air  drops  back  to  the  initial  temperature  of  60°  and  the  air  be 
expanded  without  talcing  up  heat  in  a  cylinder  to  atmospheric  pressure,  a 
work  of  2768.5  foot  pounds  is  performed.  The  efficiency  of  the  process 
is,  therefore,  63.5  per  cent. 

By  heating  the  air  before  expansion  and  thereby  increasing  its  volume, 
the  air  can  be  made  to  perform  more  work  and  the  efiSciency  will  be  in- 
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creased.  If  the  air  was  heated  to  507.3°  F.  it  would  perform  4,356  foot 
pounds  of  work  or  just  as  much  as  was  required  for  its  compression. 
The  efficiency  would  then  be  100  per  cent. 

To  obtain  100  per  cent,  efficiency  under  above  conditions  would  cost 
0.08  c.  per  h.  p.  per  hour  if  the  fuel  (coal)  was  worth  $4  per  ton,  contain- 
ing 12,500  B.t.u.  per  pound  and  the  efficiency  of  the  air  heater  was  60 
per  cent. 

If  the  assumed  quantity  of  air  (1  cu.  ft.  at  atmospheric  pressure  and 
60°  F.)  after  compression  was  expanded  in  a  two-stage  motor  with  cylin- 
ders displacing  the  same  volume  of  air  per  unit  of  time,  as  the  compressor, 
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the  work  done  in  such  a  motor  would  be  exactly  the  same  as  that  required 
to  compress  the  air,  if  the  air  entered  both  cylinders  of  the  motor  with  a 
temperature  of  250"  F.  The  motor  would  therefore  require  an  interheater 
between  high  and  low  pressure  cylinders  and  a  preheater  if  the  heat  of 
compression  was  lost.  By  such  a  process  100  per  cent,  efficiency  is  obtained 
with  only  250°  air  temperature  and  at  an  expense  of  0.068  c.  per  h.  p. 
per  hour. 

In  the  above  it  is  assumed  that  there  is  no  loss  of  pressure  between  the 
compressor  and  the  motor.    Should  there  be  s  drop  of  15  lb.  between  the 
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discbarge  pressure  of  the  compressor  and  the  initial  pressure  on  the  motor, 
we  would,  in  case  of  a  two-stage  motor,  have  to  heat  the  air  before  enter- 
iDg  the  high  pressure  cylinder  to  a  temperature  of  263.4°  F.  and  to  289°  F. 
before  entering  the  low-pressure  cylinder.  The  air  will  then  be  exhausted  at 
a  temperature  of  94.9°  from  the  low-pressure  cylinder,  which  is  34.9°  higher 
than  the  initial  temperature  of  compression.  The  cost  of  reheating  in 
this  case  will  be  0.073  c.  per  h.  p.  per  hour  if  the  eflSciencies  and  fuel 
cof^t  and  quality  are  as  assumed  above. 

The  air  pressure  in  a  power  system  at  a  mine  is  for  practical  reasons 
determined  by  that  used  on  the  rock  drills.  At  Butte  this  pressure  is 
90  lb.      From  the  above  it  follows  that  by  reheating  the  air,  the  largest 
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possible  gain  in  efficiency  is  36.5  per  cent,  and  it  will  be  noticed  that  the 
expense  in  fuel  for  gaining  this  efficiency  is  quite  a  small  item. 

In  order  to  obtain  maximum  efficiency  on  the  air-operated  engines 
there  must  be  no  drop  of  pressure  between  the  compressor  and  the  engine, 
the  engine  must  have  no  clearance,  the  air  must  always  be  expanded  to 
the  atmospheric  pressure  and  the  cut-off  should  be  abrupt  so  there  is  no 
wiredrawing. 

The  pressure  drop  can,  with  proper  pipe  lines,  and  receivers  such  as  are^ 
used  in  the  Butte  plant,  be  kept  inside  of  10  per  cent,  of  the  initial  pres- 
sure. 

The  clearance  in  an  air  motor,  the  piston  speed  of  which  runs  up  to 
nearly  1,000  ft.  per  minute,  as  is  the  case  with  the  long  stroke  hoists  at 
Butte,  will  of  necessity  be  large,  as  such  engines  require  large  valve  ports, 
much  larger  than  a  steam  engine  at  the  same  speed,  for  the  reason  that 
the  compressed  air  h^s  a  greater  density  thaa  steam  of  the  same  pressure. 
If,  however,  the  exhaust  valves  are  made  to  close  early  enough  during  the 
return  stroke  of  the  piston  to  compress  air  to  a  pressure  equal  to  that  at 
the  admission,  then  the  effect  on  the  efficiency  of  the  clearance  space,  no 
matter  how  large  it  may  be,  is  entirely  eliminated.  In  a  hoisting  engine  the 
compression  would  make  it  impossible  to  maneuver  at  slow  speed.  To 
overcome  this  the  Butte  hoists  have  a  valve  gear  so  designed  as  to  auto- 
matically adjust  the  closure  of  the  exhaust  valves  to  compress  to  initial 
pressure  as  soon  as  the  engine  has  attained  a  high  enough  speed  to  safely 
carry  such  compression,  and  to  automatically  remove  the  compression 
when  the  engine  drops  below  this  speed.  We  have,  therefore,  in  the  Butte 
hoists  no  clearance  loss  except  when  running  at  slow  speed.  The  clearance 
loss,  if  present,  would  result  in  a  reduction  of  efficiency  of  about  25  per 
cent. 

If  the  load  on  an  air  motor  and  the  air  pressure  was  absolutely  constant, 
then  the  cylinder  dimensions  could  be  so  proportioned  that  the  cut-off 
takes  place  at  the  exact  point  expanding  from  which  the  terminal  pressure 
coincides  with  that  of  the  atmosphere.  In  a  cylinder  without  clearance 
this  point  of  cut-off  would  be  about  22  per  cent,  of  the  stroke  if  the  abso- 
lute pressure  of  the  atmosphere  is  12  lb.  and  the  air  pressure  90  lb.  above 
the  atmosphere.  In  a  cylinder  with  clearance  the  cut-off  takes  place 
earlier  in  the  stroke  to  fulfill  this  condition.  At  any  other  point  of  cut- 
off there  is  a  loss  of  efficiency.  A  later  cut-off  than  22  per  cent,  produces 
incomplete  expansion.  In  this  case  the  air  is  exhausted  from  the  cylinder 
at  a  pressure  higher  than  that  of  the  atmosphere,  causing  a  waste  of  energy 
which,  if  the  cylinder  were  allowed  to  take  air  at  full  stroke,  reaches  a 
maximum  of  about  50  per  cent,  of  the  total  energy  in  the  compressed  air. 
If  the  cut-off  is  earlier  than  22  per  cent.,  the  air  will  expand  below  the 
atmosphere,  producing  '*loops"  in  the  indicator  cards.      Such  "loops" 
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are  areas  of  negative  work  and  as  air  expands  adiabatically,  the  pressure 
during  expansion  dropping  at  a  much  greater  rate  than  the  volume  sigrept 
by  the  piston  increases,  these  areas  of  negative  work  become  very  much 
larger  than  in  case  of  a  steam  engine. 

In  the  air  hoists  at  Butte  the  formation  of  such  loops  in  the  indicator 
cards  is  prevented  by  admitting  atmospheric  air  into  the  cylinder  as  soon 
as  the  pressure  of  the  expanded  air  reaches  the  atmospheric  pressure.  At 
all  points  of  cut-off  that  are  not  so  late  as  to  produce  incomplete  expansion, 
the  air  is  thus  used  at  best  efficiency. 

The  loss  due  to  incomplete  expansion  is  one  that  in  a  hoisting  engine 
can  be  minimized  only  by  increasing  the  volumes  of  the  cylinders.  It  can- 
not be  entirely  eliminated. 

In  starting  a  hoisting  engine  from  a  state  of  rest,  it  is  of  great  impor- 
tance that  the  admission  valves  close  as  late  as  practicable  in  order  that 
the  engine  may  start  readily  from  any  position.  If  these  valves  close  at 
0.9  of  the  stroke,  there  is  one  position  of  the  cranks  in  the  ordinary  quarter 
crank  engine  where  only  one  of  the  two  cylinders  can  take  steam,  and  in 
that  position  the  angle  between  the  crank  center  and  that  of  the  connect- 
ing rod  is  such  that  only  about  0.65  of  the  crank  radius  is  active.  The 
available  starting  torque  is  thus  the  pressure  on  one  piston  multiplied 
by  0.65  of  the  crank  arm.  The  active  crank  arm  decreases  rapidly  with 
shorter  cut-off . 

This  condition  is  much  improved  in  the  4-cylinder  design  of  hoist  such 
as  built  by  the  Nordberg  Mfg.  Co.  for  Tamarack,  Calumet  &  Arizona 
and  Tuolumne  mines.  In  that  type  there  are  in  the  most  disadvantageous 
crank  position  three  cylinders  out  of  four  available  for  starting  and  a 
shorter  initial  cutroff  can  be  used  without  affecting  the  ease  of  man- 
euvering. 

The  acceleration  of  the  hoist  also  requires  late  admission;  in  fact,  in 
any  type  of  hoist  air  at  nearly  full  stroke  will  have  to  be  used  during  sev- 
eral  revolutions  of  the  engine.  The  hoisting  of  men  is  preferably  done 
with  the  engine  throttled  and  without  cut-off.  The  loss  in  efficiency  due 
to  mcomplete  expansion  is  the  most  serious  loss  in  an  air-operated  hoist. 
If  there  was  a  way  to  eliminate  it,  the  work  performed  per  unit  of  weight 
of  air  used  by  the  engine  would  be  very  nearly  the  same  as  required  to 
compress  the  same  quantity  of  air  if  the  heat  of  compression  is  restored 
by  reheating,  which,  as  has  been  stated  above,  can  be  done  at  a  very 
small  expense. 

By  the  use  of  a  two-stage  motor  the  losses  from  incomplete  expansion 
can  be  very  much  reduced.  At  a  maximum  filling  of  the  cylinders  of 
0.9  of  the  stroke  the  loss  from  incomplete  expansion  is  about  one-half  of 
what  it  would  be  in  a  single-stage  motor  or  about  25  per  cent,  of  the  energy 
in  the  air  entering  high-pressure  cylinder  if  the  initial  air  temperatures  in 
high  and  low  pressure  cyfinders  are  equal. 
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Such  a  two-stage  motor  with  two  high  and  two  low  pressure  cylinders 
should  preferably  be  so  designed  that  the  time  of  the  eight  impulses  pro- 
duced by  the  cylinders  is  equally  divided  in  the  revolution,  so  that  at 
every  one-eighth  of  the  revolution  one  of  the  pistons  passes  the  dead 
center.  In  a  properly  proportioned  two-stage  air  motor  the  impulse 
waves  in  the  torque  diagram  are  exactly  the  same  for  the  low-pressure  as  for 
the  high-pressure  cylinders,  so  that  the  torque  diagram  has  the  same 
appearance  as  that  produced  if  all  cylinders  were  of  the  same  size  and 
the  air  expanded  in  a  single  stage.  In  an  engine  of  this  type,  whether 
single  or  two-stage,  it  is  not  necessary  to  extend  the  cut-off  to  nine-tenths 
of  the  stroke,  but  the  engine  will  start  and  maneuver  easily  with  the  admis- 
sion valves  set  to  close  at  a  little  less  than  0.7  of  the  stroke.  The  loss  from 
incomplete  expansion  in  a  two-stage  motor  of  such  design  and  proportions 
will  be  only  8  per  cent,  at  0.7  per  cent,  admission.  The  use  of  a  two- 
stage  motor  thus  gives  a  way  to  practically  eliminate  the  loss  in  efficiency 
due  to  incomplete  expansion.  When  the  load  conditions  are  such  as 
exist  in  deep  shafts  of  ore  mines,  such  a  motor  will  produce  economical 
results  with  compressed  air  that  could  not  be  approached  by  any  other 
mode  of  transmitting  power. 

It  has  already  been  stated  that  in  several  of  the  Butte  mines  the  oper- 
ators habitually  retard  the  hoists  by  "plugging"  instead  of  by  the  brake. 
"Plugging''  is  a  process  where  the  hoist  is  reversed  at  the  time  when  re- 
tardation conmiences.  The  throttle  is  closed  and  the  pistons  of  the  hoist 
compress  the  air  or  steam  entrapped  back  of  them.  The  intensity  of  the 
compression  is  regulated  by  manipulating  a  bypass  valve  through  which 
the  air  or  steam  is  allowed  to  escape  to  the  atmosphere.  The  work  per- 
formed by  the  pistons  during  this  process  is  absolutely  lost  and  the  only 
advantage  of  using  it  is  that  it  saves  the  brakes.  Frequently  when  plug- 
ging an  engine,  very  high  pressures  are  brought  upon  its  running  gear  and 
frames. 

In  designing  the  new  cylinders  for  these  hoists,  arrangements  were  made 
whereby  the  retardation  is  effected  by  compressing  air  back  into  the  pipe 
line  and  receiver  system.  This  is  also  done  when,  as  frequently  is  re- 
quired, loads  are  lowered  into  the  mine.  The  compression  can  be  regu- 
lated exactly  as  the  expansion,  i.  e.,  the  quantity  of  air  compressed  can 
be  varied  to  suit  the  load.  The  manipulation  of  the  compressor  gear 
differs  little  from  the  manipulation  of  plugging  to  which  the  operators  are 
accustomed. 

In  rebuilding  these  hoisting  engines  for  operation  with  compressed  air 
the  principal  parts  of  the  old  engines  had  to  be  retained.  This  was  some- 
what of  a  handicap  as  none  of  these  engines  was  strong  enough  to 
admit  of  such  cylinder  diameters  as  we  would  like  to  have  used.  The 
High  Ore  and  Diamond  engines  had  cylinders  30  in.  x  72  in.  and  the  one 
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at  Mountain  View  28  x  72  in.  The  new  cylinders  were  made  34  x  72  in. 
m  all  these  cases.  These  sizes  were  about  as  large  as  the  frames  of  the 
Diamond  and  High  Ore  hoists  could  stand  and  in  case  of  the  hoist  at 
Mountain  View,  new  and  stronger  frames  were  made. 

The  above-mentioned  hoists  are  all  fitted  with  reels  for  flat  ropes  and 
were  the  first  ones  converted.  The  drum  hoists  at  Original,  West  Stuart, 
Pennsylvania,  Tramway  and  Leonard  had  cylinders  32  x  72  in.  when  run 
with  steam.  These  were  provided  with  cylinders  34  x  72  in.  All  the  large 
hoists  thus  have  cylinders  of  that  size.  The  main  hoist  at  West  Colusa 
originally  had  steam  cylinders  20  x  60  in.  The  new  air  cylinders  were  made 
23x60  in. 

While,  as  has  been  intimated  above,  a  somewhat  higher  eflSciency  could 
have  been  obtained  with  these  hoists  had  it  been  practicable  to  use  larger 
cylinders,  still  the  eflSciency  is  very  satisfactory  considering  the  here  ex- 
isting conditions  of  extremely  varying  loads.  There  has  been  no  complete 
test  made  to  determine  what  the  exact  eflSciency  is  and  it  would  hardly  be 
possible  to  make  such  tests,  which,  in  order  to  give  exact  results,  would 
have  to  be  made  with  the  system  as  a  whole.  A  test  run  ¥nth  stored  air 
on  the  least  economical  of  the  large  hoists  showed  that  1.62  kw.  was  con- 
sumed per  indicated  horse  power.  By  comparing  the  indicator  cards  of 
the  more  economical  hoists  with  cards  taken  during  this  test  we  find 
that  these  hoists  would  consume  from  1.5  to  1.4  kw.  per  indicated  horse 
power. 

A  detailed  description  of  the  mechanism  used  in  the  Anaconda  air 
hoist  may  be  of  interest. 

The  cylinders  and  valve  gear  on  these  hoists  must  perform  the  follow- 
ing functions: 

In  starting  the  hoist  the  throttle  is  opened  wide  and  air  is  admitted 
during  nine-tenths  of  the  stroke  and  exhausted  during  the  entire  return 
stroke,  producing  an  indicator  card  as  shown  by  a,  Fig.  28. 

The  hoist  is  now  accelerated  and  after  having  made  from  one  to  three 
revolutions,  the  governor  takes  control,  cutting  off  the  air  supply  at  differ- 
ent points  of  the  stroke  as  determined  by  the  rise  of  the  governor.  Indi- 
cator cards  as  per  6  are  then  produced  at  this  stage  of  the  operation. 

When  about  six-tenths  of  the  full  speed  is  attained  the  point  of  closure 
of  the  exhaust  valves  is  advanced  to  such  a  point  as  to  cause  the  air  con- 
tained in  the  clearance  spaces  to  be  compressed  to  the  full  initial  pressure. 
As  the  speed  increases  the  point  of  cut-oflf  at  the  air  inlet  valves  is  also 
advanced  by  the  governor  and  indicator  cards  as  per  c  are  produced. 

When  the  governor  has  risen  to  such  a  height  as  to  produce  the  last  card 
in  the  series  c,  the  air  is  expanded  to  atmospheric  pressure  andrtheoretic- 
ally  the  engine  works  at  best  eflSciency. 

In  order  to  maintain  this  eflSciency  when  the  governor  rises  still  higher 
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Fig.  28. — Air  Hoist  Cards. 
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as  the  load  decreases,  and  in  order  to  eliminate  loops  in  the  indicator  cards 
under  tbis  condition,  atmospheric  air  is  admitted  to  the  cylinder  at  all 
points  of  cut-off  shorter  than  the  last  one  in  series  c.  This  stage  in  the  oper- 
ation is  shown  in  the  diagram  group  d. 

e  shows  the  last  diagram  of  the  group.  The  air  is  here  cut  off  practically 
OD  the  dead  center  of  the  engine,  expanded  to  atjnoapheric  pressure,  which 
pressure  is  maintained  in  the  cylinder  from  the  point  of  the  indicator  card 
at  which  the  expan^on  line  touches  the  atmospheric  line  up  to  the  end  of 
the  stroke,  and  on  the  back  stroke,  to  the  point  where  recompression  be- 
pns.  This  is  the  indicator  card  corresponding  to  a  work  =  ±  0. 

TVTiile  the  above-described  functions  are  performed  by  the  valve  gear  of 
the  ei^ne,  the  hoist  has  attained  its  maximum  speed  and  is  now  running 


Fia.  2Sib. — CouPEESsioN  Card  for  Air  Hoist. 

under  the  influence  of  the  momentum  of  the  revolving  parts  and  the  masses 
attached  to  the  ropes. 

Under  certain  conditions  of  speed,  friction  and  balance,  the  air  could  now 
be  shut  off  and  the  hoist  allowed  to  "runout,"  the  masses  being  retarded 
by  the  friction  and  the  increased  static  moment  of  the  ascending  load 
(if  it  is  a  reel  hoist).  These  conditions  are  not  frociusntly  found  so  that 
generally  the  following  additional  functions  have  to  be  performed  by  the 
valve  gear: 

The  hoist  is  to  be  retarded  without  applying  the  brake.  The  operator 
moves  the  regulating  lever  (which  may  be  combined  with  the  throttle 
lever)  into  retarding  position.  Thereby  he  causes  the  air-admission  valve 
to  remain  closed  throughout  the  forward  and  return  stroke  as  they  were 
when  card  e  was  produced.    The  only  air  present  in  the  cylinder  is  that  in 
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the  clearance  space  which  now  expands  as  the  piston  progresses  on  its 
forward  stroke  from  x  to  y,  card  /,  and  a  further  progress  of  the  piston  is 
accompanied  with  admission  of  atmospheric  air^to  the  cylinder  from  y 
to  end  of  forward  stroke  z.  The  exhaust  valve  now  opens  and  air  is  ejected 
during  the  return  stroke.  So  far  the  process  in  producing  cards  e  and  /  is 
identical.  The  regulating  lever  referred  to  above  actuates  the  closing 
mechanism  of  the  exhaust  valves  in  such  a  manner  as  to  vary  the  point  of 
closure  of  the  valves  during  the  return  or  exhaust  stroke  of  the  engine. 
Thus,  in  the  card  /,  produced  when  the  regulating  lever  is  barely  moved 
from  its  neutral  position,  the  point  of  closure  of  the  exhaust  valve  has  been 
advanced  to  point  v  in  card  /  from  point  Vi  in  card  c.  The  result  is  the 
shaded  area  of  the  diagram  which  represents  a  certain  negative  work.  By 
further  movement  of  the  regulating  lever  away  from  its  neutral  position 
the  compressor  cards  g,  A,  i  are  made  in  succession,  i  representing  the  com- 
pression of  the  full  volume  of  the  cylinder.  The  effect  of  this  mechanism 
is  to  exhaust  from  the  cylinder  all  air  that  is  not  to  be  compressed  and 
then  to  compress  the  balance.  The  valve  gear  has  such  a  range  that  any 
volume  from  the  full  piston  displacement  to  zero  can  be  compressed,  and 
as  said  before  i  represents  the  indicator  card  produced  in  compressing  the 
full  contents  of  the  cylinder.  By  moving  the  regulating  lever  into  its  ex- 
treme position,  an  auxiliary  valve  is  actuated  whereby  communication  is 
established  between  both  ends  of  the  cylinders  at  the  time  when  the  piston 
passes  the  dead  center  and  while  both  exhaust  valves  are  closed.  This 
causes  the  compressed  air  filling  the  clearance  space  behind  the  piston  to 
flow  over  to  the  other  side,  which  during  the  previous  suction  stroke  has 
been  filled  with  air  at  atmospheric  pressure.  The  result  is  an  increase  of 
the  pressure  in  front  of  the  piston  of  several  pounds  and  the  disappearance 
of  the  reexpansion  line  w  (card  t)  and  a  much  higher  mean  effective  press- 
ure of  compression  which  brings  the  hoist  to  a  standstill. 

j  is  the  indicator  card  produced  at  this  the  final  stage  of  the  operation. 
Fig.  28A  shows  the  increase  of  mean  effective  pressure  by  applying  the 
just  described  device.  The  shaded  area  in  this  diagram  is  that  produced 
when  compressing  the  full  displacement  of  the  air  cylinders  and  reex- 
panding  the  air  in  the  clearance  space  in  the  regular  way.  It  will  be  seen 
that  by  this  device  the  mean  effective  pressure  is  increased  from  25  to 
38.6  lb.  to  the  square  inch. 

The  mechanism  for  performing  the  functions  above  described  are  illus- 
trated in  Figs.  30,  31,  and  32.  The  cylinders  are  fitted  with  Corliss  valves 
for  admission  and  exhaust,  but  in  addition  to  these  (the  motor  valves)  there 
are  air  inlet  and  discharge  valves  of  self-acting  poppet  tj^pe  which  come 
into  action  when  the  machine  compresses  air  back  into  the  air  system. 

Fig.  29  is  a  diagranmiatic  section  of  these  cylinders  and  shows  the  inter- 
relation of  the  different  parts  of  said  cylinders.    The  usual  bypass  valves 
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for  establishing  communication  between  the  two  ends  of  the  cylinder  are 
also  provided  on  these  cylinders  and  are  indicated  in  the  diagram.  As  has 
already  been  mentioned,  Special  use  is  made  of  these  valves  to  intensify  the 
comprefesion  in  stopping  the  hoist.  CorUss  releasing  valve  gear  is  used  on 
all  the  engine  valves  on  the  admission  as  well  as  on  the  exhaust  valves. 
From  the  description  of  the  functions  to  be  performed  by  this  valve  gear 
it  follows  that  the  valve  gear  must  be  able  to  close  the  admission  as  well 
as  the  exhaust  valves  at  any  point  of  the  stroke  and  that  the  action  must 
be  the  same  whether  the  en^e  runs  over  or  under.  These  conditions  are 
fulfilled  by  the  long  range  valve  gear  designed  by  the  writer,  the  essential 
parts  of  which  are'illustrated  in  Fig.  33.  This  gear  admits  of  any  adjust- 
ment of  lap  and  lead  without  in  any  way  affecting  the  range  of  release. 

In  order  to  render  the  working  of  the  valve  gear  as  clear  as  possible 
three  diagrammatic  views  are  drawn,  showing  separately  the  devices  used 
for  the  different  functions. 

Fig.  30  shows  the  mechanism  for  operating  the  throttle  and  for  regulat- 
ing the  expansion  of  air.  In  this  A  is  the  throttle  hand  lever  which  connects 
to  the  rocker  B  by  means  of  a  slotted  head  C. 

The  governor  D  is  also  connected  to  the  rocker  £  in  a  similar  manner 
through  bell  crank  E  and  slotted  head  F. 

The  rocker  B  connects  by  rod  H  to  the  admission  releasing  gear,  the 
connections  being  such  that  the  point  of  release  is  advanced  when  the 
parts  move  in  the  direction  of  the  arrow.  This  movement  is  made  in 
opposition  to  the  weight  G  on  bell  crank  B,  which  weight  returns  the  parts 
of  the  releasing  gear  into  non-releasing  position  when  the  governor  drops 
or  throttle  hand  lever  is  in  ''closed"  position. 

The  throttle  /  is  positively  operated  from  hand  lever  A  by  means  of  the 
rod  J,  K  indicates  the  eccentric  operating  the  wris*  plate  L,  and  M  the 
eccentrie  operating  the  releasing  cams. 

By  the  described  arrangement  adjustments  can  be  made  so  the  throttle 
cannot  be  opened  wide  without  applying  the  cut-off. 

Fig.  31  is  a  diagram  of  those  parts  of  the  mechanism  that  determine  the 
direction  of  motion  of  the  hoist.  A  is  the  reverse  lever.  (In  practice  this 
is  combined  with  the  throttle  lever  which  has  a  side  motion  operating  the 
reversing  gear,  while  the  forward-and-back  motion  performs  the  limctions 
of  operating  the  throttle  and  cut-off.)  This  lever  connects  through  the 
rods  and  levers  JB,  JBi,  ft,  ft,  Ba,  to  the  floating  lever  C  of  the  power  re- 
versing cylinder  D,  which  through  lever  E  operates  the  four-gear  revers- 
ing device.  This  receives  its  motion  from  crank  shaft  G  by  means  of  paral- 
lel rods  H,  fl^i.  Fs  is  the  first  motion  shaft,  from  which  the  rotation  is 
transmitted  to  the  second  motion  shaft  F  by  the  intermediate  gears  iF2,  Fi- 
The  parts  are  shown  in  the  position  of  running  ''under."  The  gears  Fi 
and  F2  are  suspended  on  lever  E  by  the  link  J  and  on  the  stationary  shaft 
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bearings  of  F  and  Fs  in  such  a  manner  that  When  lever  E  is  lifted  from 
position  of  running  imder  to  that  of  running  over,  the  rolling  of  the  per- 
ipheries of  the  gear  F  over  that  of  Fi,  Fi  over  that  of  Fi,  and  Ft  over  the 
periphery  of  the  stationary  gear  Fty  will  cause  the  center  of  eccentric,  which 
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when  running  under  is  at  X,  to  turn  through  the  angle  r  and  to  assume  the 
position  F,  which  is  the  position  for  running  *  'over. "  Rod  K  connects  the 
main  eccentric  to  wrist  plate  L. 

The  eccentric  operating  the  cut-off  cams  is  mounted  on  the  shaft  M, 
When  reversing,  this  eccentric  has  also  to  be  turned  on  the  shaft  but 
through  a  much  smaller  angle.    This  is  accomplished  through  the  gears 


2274  COMPRESSED    AIR    SYSTEM. 

Fa,  Ft  and  the  gear  Ft  mounted  on  the  shaft  M.  This  * 'secondary"  re- 
versing gear  is  operated  from  lever  E  through  link  iV,  the  lever  arm  0 
being  so  proportioned  as  to  turn  the  cut-oflf  eccentric  through  the  angle 
/S,  while  the  main  eccentric  describes  the  angle  r.  The  cut-off  reversing 
device  actually  used  on  the  Butte  hoists  differs  in  details  from  the  one 
described,  being  of  a  very  compact  design  but  the  working  principle  is  as 
described. 

The  mechanism  used  for  converting  the  hoist  from  a  motor  to  a  com- 
pressor and  for  automatically  compressing  the  air  contained  in  the  clear- 
ance spaces  when  engine  is  running  at  full  speed  and  relieving  the 
compression  when  running  slow,  is  shown  by  the  diagram  Fig.  32.  A  is 
the  regulating  hand  lever,  B  the  cylinder  fitted  with  Corliss  admission 
valves,  C,  Ci  and  Corliss  releasing  gear  as  described  above.  D,  Di  are 
Corliss  exhaust  valves,  also  fitted  with  Corliss  releasing  gear.  E  and  F 
are  the  pendulum  and  parallelogram  movements  for  the  cut-off  cams  of  the 
admission  and  exhaust  valves  respectively  which  receive  their  motion  from 
the  secondary  reversible  lay  shaft  in  a  manner  as  described  above  through 
the  connections  G,  Gi,  G%  and  Gz,  H,  Hi  are  spi  ing-loaded  air-suction  valves 
and  /,  /  similar  air  discharge  valves  discharging  back  into  the  air  system. 
Jf  Ji  are  the  bypass  valves. 

As  has  been  already  described,  the  engine  is  converted  into  a  compressor 
by  keeping  the  engine  admission  valves  C,  Ci  closed  with  reversmg  gear  m 
such  a  position  that  the  exhaust  valves  will  function  as  they  should  when 
engine  runs  as  a  motor.  Changing  from  motor  to  compressor  action, 
therefore,  is  done  without  reversing  the  engine.  On  the  forward  stroke, 
when  the  exhaust  valve  is  closed  air  cannot  enter  the  cylinder  through  the 
admission  valve  (7  as  it  would  if  the  valve  were  permitted  to  open  and  the 
machines  acted  as  a  motor.  The  result  is  that  the  suction  valve  H  opens 
and  air  is  drawn  in  from  the  atmosphere.  At  the  end  of  forward  stroke 
the  exhaust  valve  opens  and  through  it  the  air  is  pushed  out  of  the  cylin- 
der up  to  the  point  at  which  this  exhaust  valve  closes.  The  air  remaining 
in  the  cylinder  is  then  compressed  and  leaves  cylinder  through  discharge 
valves/,  7.  The  point  at  which  the  exhaust  valve  closes  can  be  varied  so 
that  any  volume  from  that  of  the  whole  cylinder  contents  to  zero  may  be 
entrapped  and  compressed. 

For  this  purpose  the  exhaust  valves  are  fitted  with  a  releasing  gear  iden- 
tical to  that  used  on  the  admission  valves. 

The  regulating  lever  A  is  shown  on  the  diagram  in  its  neutral  position, 
i.  e.,  when  the  machine  is  operated  as  a  motor.  This  regulating  lever  is 
connected  to  the  separate  mechanism.  By  the  rod  K  it  connects  to  the 
four-way  rocking  valve  L,  which  is  under  air  pressure  and  the  exhaust  of 
which  communicates  with  the  atmosphere.  By  rod  N  and  slotted  head  M 
it  connects  to  the  three-armed  rocker  0,  which  by  rod  P  and  bell  crank  Q 


COMPRESSED    AIR   SYSTEM.  2275 

operates  the  exhaust  releasing  gear.  By  the  rod  R  bell  crank  Ri  and  rod 
^2  the  regulating  lever  is  connected  to  the  lever  S.  T  and  Ti  are  small 
cylinders  with  pistons.  These  pistons  are  forced  by  springs  upward  in 
the  case  of  T  and  downward  in  case  of  Ti.  The  opposite  sides  of  these 
pbtons  are  connected  by  pipes  to  ports  in  the  valve  L  whereby  they  can 
be  exposed  to  the  pressure  in  the  air  system  and  moved  in  opposition  to 
the  springs  or  to  the  atmosphere,  when  the  springs  will  move  them  against 
the  heads. 

In  the  neutral  position  of  the  regulating  lever  the  valve  L  is  held  in  such 
a  position  as  to  communicate  the  cylinder  T  with  the  atmosphere.  The 
spring  in  the  cylinder  thus  holds  the  piston  in  its  highest  position,  allow- 
mg  the  pin  En  to  move  freely  downward  in  the  slotted  head  on  end  of 
piston  T.  In  the  position  shown  of  the  pin  Ez  and  weighted  rocker  Et, 
which  actuates  the  admission  releasing  gear  through  rod  Ei  the  admission 
valves  admit  air  to  the  cylinders  during  nine-tenths  of  the  stroke.  The 
rocker  £2  is  the  same  as  jB  in  Fig.  30  and  is  actuated  by  the  governor  so 
that  pin  Es  may  be  in  any  position  in  the  slot  of  the  head  on  end  of  piston 
T,  depending  on  position  of  governor  or  throttle  lever.  The  different  parts 
of  the  releasing  gear  on  exhaust  valves,  rocker  O,  rod  P,  bell  crank  Q  and 
pendulum  F  are  in  position  to  keep  exhaust  valves  open  during  the  entire 
return  stroke.  The  rods  and  connections  R,  iZi,  Rt  hold  lever  S  in  such 
a  position  that  the  toe  on  same  (Si)  lifts  the  slotted  block  C/i  on  end  of  rod 
U  out  of  reach  of  the  tooth  Vi  on  rocker  V. 

The  cylinder  and  piston  Ti  is  subject  to  the  air  pressure  and  the  piston 
consequently  in  its  highest  position.  The  extended  piston  rod  forces  the 
rocker  V  against  the  opposition  of  the  spring  connected  therewith  and 
keeps  roller  Vi  off  the  cam  W,  thus  rendering  the  rocker  V  inactive.  W 
is  a  revolving  cam  on  the  first  motion  valve  gear  shaft.  This  cam  has  two 
projections,  TFi,  TFj,  which,  when  piston  Ti  is  down,  roller  V2  held  by  the 
spring  7s  against  the  cam  W  and  lever  S  with  Si  is  in  such  a  position  as  to 
allow  the  slotted  block  C/i  to  engage  the  tooth  Vi,  give  a  motion  to  the  by- 
pass valves  /,  Ji,  keeping  them  open  while  the  piston  passes  the  dead 
center. 

When  the  regulating  lever  is  moved  toward  the  left  it  moves  the  valve 
L  so  as  to  throw  compressed  air  on  top  of  cylinder  T,  the  piston  of  which  at 
once  moves  downward  and  shifts  rocker  E  and  the  admission  releasing 
gear  in  the  direction  shown  by  the  arrow,  thereby  tripping  the  admission 
valves  and  preventing  their  opening  during  any  part  of  the  stroke.  A 
further  movement  of  the  regulating  lever  in  the  direction  of  the  arrow 
causes  the  inner  end  of  slotted  head  M  to  engage  the  rocker  O,  moving  it 
and  parts  connected  with  it  in  the  direction  of  the  arrows,  bringing  the 
exhaust  releasing  gear  into  action  and  advancing  the  point  of  release  as 
the  r^ulating  lever  is  moved  in  the  direction  of  the  arrow.    In  the  neutral 
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position  no  air  is  compressed  while  when  the  regulating  lever  is  near  its 
extreme  position  a  volume  of  air  equal  to  the  piston  displacement  is  com- 
pressed and  discharged  back  into  the  air  system.  We  have  therefore 
here  a  means  to  regulate  the  retarding  force  with  the  same  precision  as 
we  regulate  the  development  of  power  when  the  machine  runs  as  a  motor. 

When  the  regulating  lever  is  in  its  extreme  left  position  the  valve  L  is 
brought  into  the  position  as  shown  by  the  dotted  lines.  This  puts  the 
cylinder  Ti  into  communication  with  the  atmosphere  while  it  leaves  T 
under  air  pressure.  The  piston  Ti  is  then  forced  down  by  the  spring  back 
of  it  amd  the  roller  V2  on  rocker  V  brought  into  contact  with  the  revolv- 
ing cam  W,  This  causes  the  bypass  valves  J,  J\  to  open  simultaneously 
on  both  dead  centers  of  the  engine  and  to  close  as  soon  as  the  air  in  the 
clearance  space  back  of  the  pistons  has  passed  over  to  the  other  side  of  said 
pistons  and  an  equilibrium  of  pressure  is  established  between  the  two  sides. 
The  initial  air  pressure  will  by  this  process  increase  from  atmospheric 
pressure  to  about  3  lb.  above  atmosphere. 

When  this  air  is  compressed  a  considerably  higher  average  pressure  is 
obtained  than  that  resulting  from  compressing  the  full  piston  displace- 
ment of  free  air,  particularly  as  the  work  of  expansion,  which  is  positive, 
disappears.  Fig.  28fc  shows  the  indicator  card  of  this  intensified  compres- 
sion as  compared  with  the  regular  full  power  compression  card. 

With  the  intensified  compression  the  heaviest  downgoing  loads  can  be 
quickly  retarded  and  stopped  and  the  device  as  described  for  this  purpose 
is  an  important  improvement  in  the  operating  mechanism  of  an  air  hoist. 

The  bypass  valves  can  be  operated  by  a  foot  lever  in  the  regular  man- 
ner for  landing  the  skips  and  maneuvering.  These  valves  are  at  such  times 
not  actuated  by  the  cam  W. 

For  the  purpose  of  recompressing  air  to  fill  the  clearance  spaces  with 
air  of  initial  pressure  when  the  engine  is  up  to  full  speed,  the  following  de- 
vice is  used  in  connection  with  the  exhaust  releasing  gear:  The  governor 
actuates  a  cam  X  engaging  a  roller  Xi  mounted  on  a  lever  X%  hung  on  a 
fixed  pivot  Xz,  The  pin  y  on  end  of  this  lever  connects  with  rod  j/i  and 
slotted  head  ya  to  arm  Oi  on  rocker  0.  When  now  the  hoist  is  up  to  speed 
and  governor  commences  to  rise,  the  projection  z  on  cam  x  is  brought  in 
contact  with  roller  Xi  and  as  the  governor  lifts  will  move  the  lever  Xs,  rod 
yi  with  slotted  head  2/2  downward,  thereby  moving  rocker  O  and  the  parts 
of  exhaust  valve  releasing  gear  connected  therewith  in  the  direction  of  the 
arrows,  thereby  advancing  the  point  of  closure  of  the  exhaust  valves  an 
amount  proportional  to  the  radial  dimensions  of  the  projection  z.  This 
dimension  is  such  that  the  advanced  closure  of  the  exhaust  valves  en- 
traps just  enough  air  in  the  cylinders  so  that  when  it  is  compressed  the 
final  pressure  is  90  lb.  per  sq.  in.  By  means  of  the  right  and  left  hand 
screw  adjustment  Z\  the  point  of  release  can -be  accurately  set  by  the  aid 
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of  the  indicator.  Aa  long  as  the  governor  stands  a  small  distance  over 
its  collar  and  the  ermine  is  up  to  speed  the  compression  as  described  takes 
place.  This  not  only  entirely  eliminates  the  clearance  loss  but  produces 
smooth  running  of  the  engine. 

Whea  the  speed  ia  dropped  and  the  governor  returns  to  its  collar  the 
cam  X  and  projection  z  of  same  are  automatically  moved  out  of  reach  of 
roller  Xi.    The  rocker  0  and  parts  connected  to  same  are  thereby  caused 


Fia.  33. — Full  Stroke  Valvb  Geab. 

to  return  into  the  position  of  non-release  of  the  exhaust  valve  gear.  The 
compression  which,  if  present  under  low  speed,  would  seriously  interfere 
mth  the  maneuvering  of  the  hoist,  now  disappears. 

The  continuous  indicator  diagrams  Figs,  38  to  42  were  all  taken  from 
different  air  operated  hoists  in  the  Butte  camp,  fitted  with  the  above  de- 
Bcrihed  valve  gear,  and  show  how  well  it  performs  the  different  functions. 
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Fig.  34  is  taken  from  the  main  hoist  at  Leonard  mine  when  hoisting  a 
balanced  load  of  ore  from  the  1,800  ft.  level.  The  first  five  strokes  require 
full  fillmg  of  the  cylinders.  Five  more  strokes  are  performed  with  reduced 
fillmg  but  at  the  11th  stroke  the  clearance  compression  gear  comes  into 
action.  The  filling  is  gradually  reduced  to  zero  and  at  the  six  strokes  at 
the  end  of  the  run  air  is  compressed  back  into  the  system. 

This  hoist  has  cylinders  34  x  72  in.  and  12  ft.  drums  carrsring  13^  in. 
ropes. 

Fig.  35  is  from  the  new  28  x  48  in.  double  drum  hoist  at  the  Modoc  mine. 
The  drums  here  are  6  ft.  diameter  and  carry  1  in.  ropes.  This  card  shows 
how  efficiently  the  described  valve  gear  works  with  very  light  loads.  As 
there  is  no  clearance  loss  during  the  greater  part  of  the  run  the  air  con- 
sumption is  very  small.  The  card  shows  that  for  retarding  the  hoist  air 
was  compressed  back  into  the  system  during  fourteen  strokes. 

Figis.  36  and  37  are  indicator  cards  from  the  single  drum  auxiliary  hoist 
at  the  Tramway  mine.  This  hoist  has  cylinders  28  x  48  in.  and  the  drum 
is  6  ft.  diameter.  The  work  of  this  hoist  is  mostly  negative  as  it  is  used 
for  lowering  waste  rock  into  the  mine  to  fill  out  empty  stopes.  It  runs  out 
of  balance. 

Card  Fig.  36  is  taken  when  the  empty  cages  are  hoisted  while  card  Fig.* 
37  is  taken  when  the  cages  loaded  with  3  cars  of  waste  rock  were  lowered 
into  the  mine.    The  machine  is  nm  as  a  compressor  when  this  work  is 
done. 

Card  Fig.  38  is  from  the  main  hoist  at  the  High  Ore  mine.  This  hoist 
is  fitted  with  reels  for  flat  ropes.  The  card  is  taken  when  hoisting  from 
a  depth  of  2,800  ft.  in  balance.  Here  the  air  is  shut  off  after  a  little  over 
two-thirds  of  the  run  is  completed.  The  balance  of  the  run  is  made  with 
the  momentum  of  the  moving  masses  as  a  driving  force  which,  at  the  end 
of  the  run,  just  balances  the  fnction  and  static  moment  of  the  load. 

The  mean  effective  pressures  of  the  individual  cards  of  these  contin- 
uous diagrams  are  plotted  below  the  diagrams.  The  average  values  of 
all  the  mean  effective  pressures  are  also  given. 

The  installation  of  this  plant  was  commenced  in  the  latter  part  of  1910, 
when  the  hoists  at  Mountain  View,  High  Ore  and  Diamond  were  recon- 
structed and  three  compressors  installed.  The  Mountain  View  hoist  was 
started  on  air  in  the  early  spring  of  191 1  and  the  other  two  soon  thereafter. 
The  performance  of  these  three  hoists  was  regarded  so  successful  that  six 
more  hoists  were  changed  over  and  twelve  new  auxiliary  hoists  ordered 
allof  which  were  designed  on  the  same  principles  as  the  original  three  hoists. 

The  compressor  plant  was  also  extended.  It  now  contains  six  compres- 
sors. Two  more  compressors  are  being  built.  About  three-fourths  of 
the  air  from  this  plant  is  used  for  operating  the  hoists  and  the  balance  is 
used  to  help  out  the  rock  drill  system. 
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It  was  originally  contemplated  to  regulate  the  hoisting  so  that  the  active 
periods  of  the  different  mines  would  not  occur  at  the  same  time.  So  far 
it  has  not  been  found  practical  to  do  this  to  any  great  extent;  the  result 
being  that  at  times  the  storage  S3rstem  is  overtaxed. 

The  advantages  of  this  adopted  system  over  any  in  which  electric  motors 
are  directly  applied  to  the  hoists  are  the  following: 

(1)  The  existing  hoisting  engines  could  be  retained  and  needed  com- 
paratively few  changes. 

(2)  They  could  be  operated  by  steam  in  case  of  a  serious  accident  to 
the  power  system. 

(3)  Enough  energy  is  always  available  in  the  storage  plant  to  operate 
the  hoists  for  a  short  time  in  case  of  a  short  failure  of  the  electric  power 
due  to  thunder  storms,  etc. 

(4)  The  capacity  of  the  hoists  can  be  increased,  by  increasing  the  hoist- 
ing speeds  of  the  loads  or  the  hoisting  depth  can  be  increased  without 
changing  the  motor  on  the  hoist.  The  compressor  capacity  only  needs  to 
be  increased. 

(5)  A  considerable  part  of  the  energy  liberated  in  retarding  the  hoists 
at  the  end  of  a  run  or  when  loads  are  lowered  into  the  mine  is  returned  to 
the  power  system  and  is  held  in  storage  without  loss  for  an  extended 
period. 

(6)  The  system  can  be  started  with  its  stored  energy  without  subject- 
ing the  electric  apparatus  to  excessive  peak  loads  as  is  the  case  when  a  fly- 
wheel of  an  Ilgner  transformer  is  started. 

(7)  By  this  system  of  compressing,  storing  and  using  the  air  in  the 
hoist  cylinders,  peak  loads  on  the  electric  apparatus  are  absolutely  avoided. 
No  matter  how  the  load  on  the  hoist  motors  may  fluctuate,  the  power  to 
operate  the  electric  motors  in  the  compressor  plant  is  absolutely  constant. 

(8)  Compared  witH  electric  hoists  the  air  system  has  the  following  elec- 
trical advantage:  With  the  air  hoist,  the  electric  prime  movers  are  syn- 
chronous motors  which  can  be  operated  with  a  leading  power  factor  and 
therefore  raise  the  power  factor  of  the  entire  electrical  system,  while  with 
an  electric  hoist,  the  prime  mover  is  an  induction  motor  which  would  have 
a  very  low  power  factor  due  to  the  intermittent  loads  it  would  have  to  carry 
to  meet  the  Butte  conditions  of  hoisting  and  hence  would  decrease  the 
power  factor  of  the  entire  electric  system. 

As  compressed  air  is  used  for  operating  the  rock  drills  it  seems  consis- 
tent and  natural,  when  electric  power  is  used  for  compressing  this  air,  to 
enlarge  the  compressing  plant  so  that  the  hoists  also  are  operated  by  air. 
In  most  cases  of  ore  mining  it  will  be  found  that  the  increase  in  compressor 
capacity  necessary  for  hoisting  with  air  is  not  very  large.  If  proper  air 
storage  is  provided,  the  result  will  be  a  simpler,  cheaper,  safer  and  more 
economical  plant  than  if  the  hoists  were  directly  driven  by  electric  motors 
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and  motor  generators  with  heavy  and  fast  rotating  flywheels  were  used. 
The  high  peak  loads  resulting  from  starting  these  flywheels  and  from  the 
irregularity  of  hoisting  will  be  ^oided  and  the  electric  load  will  be  per- 
fectly constant. 

The  plant  has  been  a  success  and  the  writer  believes  that  it  has  fulfilled 
the  expectations  of  the  owners.  The  mechanism  used  for  performing  the 
different  functions  in  both  the  compressors  and  the  hoists  were  new»  and 
applied  in  practice  for  the  first  time  in  the  plant.  Since  the  machinery 
was  started  there  have  been  no  interruptions  in  its  work  and  very  little 
trouble. 

In  a  new  plant  operated  with  compressed  air  many  improvements  could 
be  made  that  were  not  possible  in  the  Butte  plant.  Some  of  these  im- 
provements would  be  of  very  radical  nature  and  would  result  in  obtain- 
ing very  high  efliciencies  without  in  any  way  impairing  the  reliability  of 
the  machinery  or  ease  of  operation,  which,  after  all,  is  the  most  important 
thing  in  a  mine  hoist. 
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Batte  meeting,  Aug.  18  to  21,  1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussior  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers.  29  West 
39th  Street,  New  YorkTN.  i .,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  inade,  the  discussion  of  this  paper  will  close  Oct.  1,  1913,  when  Vol.  XLVI. 
of  the  Irantaetwns  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be  in  the  form  of 
a  new  paper  for  publication  in  Vol.  XLvII.  (with  suitable  cross  references  in  both  volumes). 


The  Southern  Cross  Mine,  Georgetown,  Mont 

BY  PAUL  BILLINGSLEY,  BUTTE,  MONT. 
(Butte  Meeting,  August,  1913.) 

Introduction, 

The  Georgetovm  mining  district  is  located  in  Deerlodge  county,  Mont., 
about  20  miles  west  of  Anaconda.  It  lies  along  the  divide  between  the 
headwaters  of  Warm  Springs  creek,  draining  eastward,  and  Flint  creek, 
flowing  west  and  north  through  the  Philipsburg  valley. 

The  actual  divide  is  formed  by  Cable  mountain,  a  narrow  ridge  running 
north  and  south,  terminating  to  the  south  in  low  hills  overlooking  George- 
town lake,  and  to  the  north  in  a  high,  rugged  plateau  that  falls  off  to  the 
west  to  the  wide  valley  of  Flint  creek.  On  the  eastern,  or  Warm  Springs, 
slope  of  Cable  moimtain  is  the  Cable  mine,  with  the  Hidden  Lake  mine  a 
few  miles  north.  On  the  western  slope  is  the  Southern  Cross  group,  with 
smaller  mines,  the  TwiUght,  Cincinnati,  Red  Lion,  and  Big  Bill,  at  inter- 
vals to  the  northward.  The  Georgetown  mines  lie  in  the  hills  south  of 
Cable  mountain;  the  Philipsburg  mines,  of  which  the  Granite  Mountain, 
Bimetallic,  Hope,  and  Trout  are  the  chief,  form  a  separate  group  to  the 
north,  overlooking  Flint  Creek  valley  and  Philipsburg.    (See  Fig.  1.) 

The  region  ranges  in  elevation  from  6,000  to  9,000  ft.  It  is,  with  the 
exception  of  the  lower  valleys,  well  timbered  with  small  fir  and  pine, 
although  Cable  mountain  and  the  higher  summits  to  the  northward  rise 
slightly  above  timber  line.  The  main  valleys  have  the  smooth  contours 
of  glaciation,  and  their  mouths  are  frequently  choked  with  morainal 
deposits. 

General  Geology. 

In  a  very  general  way  the  valley  of  Flint  creek  coincides  in  this  region 
with  the  boundary  between  the  pre-Cambrian  slates  of  western  Montana 
and  the  folded  Palaeozoic  rocks  of  the  Rocky  Mountain  system.  The 
great  limestone  formations  of  the  Carboniferous  and  Devonian,  lying  at 
flat  dips,  extend  from  Anaconda  well  toward  the  head  of  Warm  Springs 
creek,  but  on  the  divide  the  Cambrian  appears,  closely  folded  and  intruded 
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by  irregular  masses  of  granite.  Cable  mountain  itself  is  an  anticline  of  the 
basal  Cambrian  quartzite  and  underlying  shales,  flanked  by  steeply  dip- 
ping limestones.  The  strike  of  the  beds  coincides  with  the  north-south 
direction  of  the  ridge.  On  the  south  the  fold  is  terminated  by  the  small 
granite  mass  that  extends  from  Cable  to  Georgetown,  and  on  the  north 
abuts  against  the  edge  of  the  larger  Philipsburg  batholith.  The  distance 
between  these  granite  areas  is  about  7  miles;  the  width  of  the  anticline 
about  2  miles.  In  this  limited  area  the  Cable,  Red  Lion,  and  Southern 
Cross  groups  are  located. 

The  ore  deposits  of  the  district  may  be  conveniently  classified  into  four 
types:  1.  Fissure  veins  in  granite;  2.  Contact  metamorphic  deposits;  3. 
Fissure  veins  in  limestone;  and  4.  Replacement  bodies  in  limestone. 

The  Granite-Bimetallic  mines  are,  of  course,  the  chief  representative 
of  the  first  class,  and  the  Cable  mine  is  an  equally  well-known  instance  of 
the  second.  These  mines  have  been  described  in  detail  by  W.  H.  Emmons^ 
The  third  and  fourth  types  overlap  somewhat,  and  both  may  often  be 
found  in  a  single  mine,  but  at  their  extremes  they  are  represented  by  the 
Gold  Coin,  a  quartz-filled  fissure  with  no  replacement  of  the  walls,  and  by 
the  Southern  Cross,  a  characteristic  replacement  deposit  in  limestone. 

History. 

The  Southern  Cross  claim  was  located  in  1866,  but  this  first  location 
was  allowed  to  lapse,  and  the  ground  was  relocated  by  Salton  Cameron 
several  years  later.  Cameron  developed  the  Southern  Cross  vein,  and 
shipped  some  ore  to  East  Helena.  Stamp  milling  was  first  attempted  in 
1884,  but  the  results  were  unsatisfactory.  Under  the  management  of  a 
Butte  company  production  increased,  and  by  1893,  30,000  tons,  with  a 
gross  value  of  $750,000,  had  been  shipped. 

In  1904  the  mine  was  leased  by  Lucian  Eaves,  who  discovered  a  new 
ore  body  to  the  west  of  the  old  Southern  Cross  vein.  This  yielded  more 
than  $300,000  gross.  In  1906  the  property  again  changed  hands.  The 
New  Southern  Cross  Mining  Co.  installed  a  wet  mill  and  prosecuted  vig- 
orous development  work.  This  resulted  in  the  discovery  of  new  ore  bodies 
between  those  formerly  exploited,  and  greatly  increased  the  probable  life 
of  the  mine.  In  1910  the  Anaconda  Copper  Mining  Co.  purchased  the 
property,  and  in  the  year  following  built  a  railroad  from  Browns  spur,  5 
miles  from  Anaconda,  to  the  mine.  The  ore,  high  in  iron  and  desirable  as 
a  flux,  is  smelted  direct  at  the  Washoe  Smelter,  so  that  the  two  great  diffi- 
culties of  the  past,  the  long  wagon  haul  and  the  refractory  milling  char- 
acter of  the  ore,  need  not  be  contended  with  in  the  future. 

1  Bulletin  No,  SIS,  U.  S.  Geological  Survey  (1907), 


O 

ti 

p 


3 

i 


i 

9 


H 

o 

O 


fa 

o 


Pm 


2292  THE   SOUTHERN  CROSS  MINE 


Geology. 

The  ore  occurs  as  replacement  bodies  in  limestone.  The  sedimentarj^ 
succession  in  the  district  consist  of  the  following  members  in  ascending 
order: 

Pre-Cambrian ^1.  Spokane  shale. — Red  and  green  shale. 

2.  Flathead  Quartzite. — White  quartzite. 

3.  Silver  Hill  Formation. — Calcareous  shale. 

"Lower  magnesian  limestone. 

Cambrian i  4.  Hasmark  Formation . . . .  ^  Shale. 

•  Upper  magnesian  limestone. 

5.  Red  Lion  Formation <  _       .'       ,  ,. 

I  Laminated  limestone. 

At  the  mine  these  strike  slightly  east  of  north,  and  dip  "from  50®  to 
60°  to  the  west.  The  productive  members  of  the  series  are  the  two 
magnesian  limestones  of  the  Hasmark  formation.  The  Oro  Fino  ore 
body  is  near  the  base  of  the  lower;  the  ore  bodies  thus  far  developed  in 
the  Southern  Cross  are  in  the  upper,  between  the  characteristic  crinkly 
Red  Lion  limestone  and  the  calcareous  shale  member  of  the  Hasmark. 
Fig.  2  shows  the  general  relation  of  the  ore  and  the  strata. 

The  limestones  in  the  mine  are  not,  in  general,  strongly  metamorphosed. 
Certain  favorable  beds  are  locally  changed  to  finely  crystalline  white 
marble,  but  the  contact  minerals,  tremolite,  garnet,  etc.,  are  conspicuously 
absent.  On  the  surface  the  granite  of  the  Cable  batholith  appears  about 
2,000  ft.  south  of  the  mine,  cutting  across  the  sediments  at  right  angles. 
Underground,  however,  a  small,  badly  decomposed  dike  in  the  southern 
part  of  the  Southern  Cross  workings  and  a  similar  intrusion  in  the  Oro 
Fino  are  the  only  indications  of  igneous  activity. 

Faulting  likewise  occupies  a  subordinate  place  in  the  geology  of  the 
mine.  Certain  of  the  ore  bodies  which  cut  across  the  bedding  may 
occupy  pre-mineral  fractures;  smaller  fissures,  with  a  strike  of  N.  80 
W.  and  steep  eastward  dip,  sometimes  prominent  as  walls  of  the  ore 
bodies,  may  indicate  very  slight  post-mineral  displacement;  and  a  fault 
with  the  same  strike  and  dip  traverses  the  northeastern  portion  of  the 
workings.  The  pre-mineral  fractures,  however,  can  rarely  be  followed 
for  a  score  of  feet  beyond  the  vein  filling,  and  the  later  faults  have  a 
displacement  too  slight  to  aflfect  the  ore  bodies  otherwise  than  by  off- 
setting the  walls  into  irregular  steps.  The  hmestone  itself  shows  no 
extensive  crushing  or  deformation. 

The  country  rock  at  the  Southern  Cross,  therefore,  consists  of  massively 
bedded  magnesian  limestones,  locally  recrystallized  but  with  little  con- 
tact metamorphism,  and  comparatively  undisturbed  by  faulting. 
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Character  of  Ore  Bodies, 

The  ore  consists  of  irregular  bodies  of  soft  gold-bearing  iron  oxides, 
replacing  the  limestone.  The  common  minerals  are  limonite,  hematite, 
siderite,  and  magnetite,  with  lesser  amounts  of  quartz  and  calcite.  The 
two  first  mentioned,  with  partly  replaced  earthy  limestone,  form  the 
greater  portion  of  the  ore.  Carbonates  of  copper  are  occasionally  found, 
coating  the  iron  minerals  and  concentrated  in  the  porous  portions  of  the 
limonite.  A  residual  brown  clay  is  common  around  the  borders  of  the 
deposits. 

Sulphide  ore  has  not  been  encountered  in  the  workings  to  the  present 
depth  of  the  mine — 400  ft. — but  residual  bunches  are  occasionally  found 
in  the  oxidized  ore  bodies.  These  bunches  occur  as  pyrite  cores,  sur- 
rounded by  massive  hematite  or  limonite,  and  traversed  by  cracks  and 
fissures  of  the  partly  altered  sulphide.  The  entire  amount  of  this  material 
is  slight,  but  the  separate  occurrences  are  so  similar  as  to  be  strongly 
suggestive  of  the  primary  ore  underlying  the  oxidized  zone. 

The  uniform  character  of  the  limestone  and  the  absence  of  strongly 
defined  bedding  planes  have  combined  to  give  the  deposits  extreme  ir- 
regularity of  outline.  With  these  factors  reduced  to  a  minimum^  the 
extent  of  the  replacement  has  been  determined  by  such  remote  and 
obscure  causes  as  local  intensity  of  the  mineralizing  solutions,  pre-mineral 
cleavage  planes,  and  varying  solubility  of  portions  of  the  limestone. 
With  the  destruction  of  such  evidence  that  extensive  replacement  involves, 
the  determining  causes  of  the  form  of  the  several  ore  bodies  are  obscure. 

Structural  Relations, 

The  main  bodies  lie  in  four  groups,  each  marked  by  certain  common 
features.  (See  Fig.  3.)  The  earliest  ore  mined  came  from  the  Southern 
Cross  vein.  This  is  a  fissure  cutting  across  the  bedding,  with  a  strike  of 
N.  40°  W.  and  a  dip  of  60°  to  the  northeast.  In  the  favorable  magnesian 
limestones  this  fissure  has  been  the  nucleus  of  considerable  replacement, 
but  where  it  cuts  across  the  shale  member  of  the  Hasmark  formation  it 
is  a  small,  tight  crack  difficult  to  trace.  The  ore  body  of  the  Southern 
Cross  vein  has  an  average  length  in  the  limestone  of  200  ft. 

Probably  associated  with  this  in  origin  is  the  Pleiades  vein,  an  irregular 
ore  body  replacing  the  limestone  inmiediately  above  the  Hasmark  shale. 
It  roughly  parallels  the  bedding.  This  vein  cannot  be  traced  above  the 
Southern  Cross  fissure,  and  is  strongest  immediately  below  it,  passing 
into  a  narrow  stringer  along  a  bedding  plane  a  short  distance  away. 
At  its  best  it  forms  an  ore  body  about  60  ft.  in  length. 

The  third  series  of  shoots,  collectively  called  .the  Glory  vein,  is  likewise 
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parallel  to  the  bedding.  It  outcrops  200  ft.  west  of  the  Southern  Cross 
vein,  and,  dipping  to  the  west,  diverges  from  it  more  and  more  with 
depth.  This  ore  is,  like  the  Pleiades  vein,  near  a  shale-lime  contact, 
and  follows,  in  a  general  way,  the  base  of  the  lower  Red  Lion  shale.  The 
chief  ore  shoot  averages  200  ft.  in  length,  with  other  smaller  bodies  along 
the  general  zone. 


SAKxis^p^i-X  cTsaas^ 


Lamjnatjzd 
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FiQ.  3. — Distribution  of  Orb  Bodies  in  the  Southern  Cross  Mine. 


A  certain  broad  system  is  thus  discernible  in  the  above  groups  of  ore 
hodies — a  cross  fissure  dipping  east,  with  associated  replacement  in 
favorable  strata;  and  replacement  shoots  running  from  this  along  lime- 
shale  contacts  on  both  sides  of  the  massive  limestone  member.  The 
fourth  and  most  recently  discovered  group  is  far  less  simple  in  relation- 
^p.    It  lies  within  the  massive  magnesian  limestone  itself^  between  the 
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Glory  vein  on  the  west  and  the  Southern  Cross-Pleiades  ore  bodies  on 
the  east.  The  ore  bodies  of  this  group  show  much  greater  replacement 
of  the  lime  than  any  of  the  preceding,  with  less  regularity  of  outUne. 
The  boundaries  coincide  locally  with  bedding  planes,  and  locally  with  the 
small  post-mineral  fractures  above  mentioned,  but  most  frequently  cut 
across  the  bedding  at  irregular  angles.  These  shoots  lie  in  large,  roughly 
lenticular  masses  pitching  northward  at  flat  angles.  Their  dimensions, 
as  thus  far  developed,  exceed  those  of  the  earlier  ore  bodies. 

Origin  of  the  Ores. 

Any  theory  of  the  origin  of  these  ore  bodies  confronts  certain  difiiculties. 
The  fact  of  limestone  replacement  is  clear,  but  the  source  of  the  active 
solutions  is  less  obvious.  The  coincidence  in  the  entire  district  between 
the  magnesian  lime  of  the  Hasmark,  the  edge  of  the  granitic  batholiths, 
and  the  iron  ore  bodies  is  striking.  Many  of  the  latter,  however,  are  a 
thousand  or  more  feet  away  from  any  exposure  of  igneous  rock,  so  that  if, 
as  seems  probable,  the  granite  is  the  source  of  the  mineralizing  solutions, 
the  replacement  bodies  represent  a  relatively  remote  phase  of  their  action. 
At  the  actual  contact  there  is  a  great  development  of  calcite,  woUastonite, 
garnet,  and  magnetite,  and  several  large  bodies  of  the  latter  extend  well 
into  the  limestone.  It  is  therefore  possible  that  the  lime-silicate  zone, 
the  magnetite  bodies,  and  the  replacement  bodies  of  the  Southern  Cross 
represent  progressive  stages  of  contact  metamorphism,  proceeding  from 
the  contact  itself  out  into  the  sedimentary  rocks. 

The  general  relation  of  the  Southern  Cross  ore  bodies  points  to  the 
Southern  Cross  fissure  as  themost  probable  channel  for  the  introduction 
of  the  mineralized  waters.  From  this  fissure  the  solutions  worked  out 
in  such  favoring  localities  as  Ume-shale  contacts  to  form  the  Pleiades  and 
Glory  veins,  while  smaller  fractures  and  bedding  planes  admitted  them 
into  the  intervening  limestone  bed  which  now  contains  the  middle  ore 
bodies. 

There  can  be  but  little  doubt  that  the  ore  was  originally  deposited  as 
sulphide,  and  that  the  present  occurrence  of  the  oxides  is  due  to  the 
action  of  surface  waters.  It  is  true  that  hematite  is  not  rare  as  a  mineral 
of  contact  metamorphism,  and  may  have  been  present  with  the  pyrite 
of  these  deposits,  but  the  cores  of  sulphide  found  at  such  widely  separated 
pobts  as  the  Oro  Fino,  Southern  Cross,  and  Red  lion  mines  can  hardly 
be  explained  otherwise  than  as  the  remnants  of  the  original  ore.  The 
oxides  also  freqfuently  form  pseudomorphs  after  pyrite.  There  is  in  addi- 
tion much  evidence  that  alteration  from  the  surface  is  subsequent  to  the 
formation  of  the  ore  bodies.  Natural  caves  in  the  limestone  are  of  frequent 
occurrence,  often  in  close  proximity  to  the  ore,  and  in  no  instance  are  the 
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iron  oxides  found  filling  such  cavities.  On  the  other  hand,  bodies  of  ore 
often  form  the  hanging  wall  of  the  caves.  It  is  probable,  therefore,  that 
these  openings  are  largely  due  to  the  action  of  surface  waters  rendered 
acidic  by  the  oxidation  of  the  overlying  pyritic  ore  bodies. 

A  few  instances  in  which  such  caves  have  been  filled  with  the  debris  of 
surface  waters  are  so  unlike  the  typical  deposits  of  the  mine  as  to  be  in* 
structive  in  this  connection.  The  best  examples  are  found  in  the  Oro  Fino 
Red  Lion  mines,  but  they  are  not  lacking  in  the  Southern  Cross  itself. 
These  caves  are  filled  with  a  partly  consolidated  mass  of  heterogeneous 
boulders,  cemented  in  places  with  iron  oxide,  but  mostly  imbedded  in 
sand  and  gravel.  The  boulders  comprise  quartzite,  granite,  and  shale, 
as  well  as  limestone,  and  the  source  of  supply  is  obviously  the  surface  soil 
and  wash.  Many  such  deposits  have  been  developed  in  the  district,  but 
none  have  contained  conmiercial  ore. 

Summary. 

The  ore  bodies  thus  far  exploited  in  the  Southern  Cross  mine,  therefore, 
consist  of  the  oxidized  portions  of  pyritic  replacement  deposits  in  lime- 
stone. The  ore  was  derived  from  the  nearby  granitic  intrusions,  forming 
the  remotest,  and  probably  the  latest,  phase  of  the  contact  metamorphism. 
Weil  defined  cross-fissures  have  apparently  admitted  the  solutions  to  the 
limestone  strata  most  susceptible  to  their  action,  and  on  both  borders  of 
these  favorable  beds  irregular  deposits  of  gold-bearing  pyrite  replaced 
portions  of  the  lime.  Bedding  planes  and  small  cleavage  cracks  determined 
the  extent  of  additional  replacement  within  the  limestone  itself.  With  the 
geological  evolution  of  the  region  the  upper  portions  of  the  ore  bodies 
became  oxidized,  and  the  resulting  acidic  surface  waters  formed  caves 
throughout  the  limestone.  Such  of  these  caves  as  further  erosion  opened 
to  the  surface  were  filled  with  detritus. 

The  oxidation,  and  circulation  of  surface  waters,  has  resulted  in  the 
leaching  of  the  gold  from  portions  of  the  deposits,  and  its  concentration 
and  reprecipitation  in  certain  channels  in  the  oxides.  From  these  channels 
came  the  high-grade  ore  that  periodically  repaid  the  prospecting  of  the 
early  operators,  but  under  the  conditions  initiated  by  the  construction  of 
the  railroad  this  search  for  "ore  within  ore"  is  no  longer  necessary,  and 
in  the  genesis  of  the  deposits,  rather  than  in  the  nature  of  their  enrich- 
ment, are  foimd  the  clues  to  the  successful  development  of  the  mine. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prcaented  in  perron  at  the 
Butte  meeting  Aug.  18  to  21, 1013,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible,  then 
diwusaion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West  39th 
Street,  New  York,  N.  Y.,  for  Presentation  by  the  Secretary  or  other  representative  of  its  author.  Unless 
m&aal  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Oct.  1,  1913,  when  Vol.  XL VI.  of  the 
trmuaetion$  will  «>  to  press.  Any  discussion  offered  tnereafter  should  preferably  be  in  the  form  of  a  new 
paper  for  publicaUon  in  Vol.  XL VII.  (with  suitable  oross  references  in  both  volumes). 
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BY  ROBERT  H.  RICHARDS,  BOSTON,  MASS. 
(Butte  Meeting,  August.  1913.) 

Introduction. 

Walter  Renton  Ingalls  recently  gave  a  very  interesting  talk  before 
the  student  mining  society  of  the  Massachusetts  Institute  of  Technology, 
hi  it  he  showed  the  present  status  of  mining  as  he  sees  it.  In  the  talk  he 
explained  that,  while  discoveries  of  great  mining  districts  are  still  possible, 
they  are  being  tnade  less  and  less  often;  that  the  great  mining  companies, 
although  there  are  large  numbers  of  mines  offered  for  sale,  are  finding  it 
less  and  less  possible  to  find  new  mines  that  are  up  to  the  standard  of  rich- 
ness that  they  wish  for  purchase. 

The  natural  conclusion  is  that  better,  cheaper,  and  more  efficient 
methods  of  mining,  concentrating,  and  smelting  are  needed  if  the  lower- 
grade  mines  are  to  be  worked  at  a  profit.  This  is  true  also  if  the  high-grade 
mines  are  to  yield  their  greatest  profit. 

This  paper  deals  only  with  the  concentrating  or  ore-dressing  problem, 
and  gives  some  thoughts  which  point  towards  greater  profit. 

In  a  paper  on  The  Development  of  Hindered-Settling  Apparatus  the 
writer  showed  that  there  were  two  main  lines  of  work  that  would  lead  to 
greater  saving,  lower  tailing  assay,  and,  therefore,  greater  profit. 

The  first  is  the  recrushing  of  middling  or  tailing  products  for  the  saving 
of  the  contauied  values.  This  is  well  understood  and  largely  carried  out 
m  existmg  mills. 

The  second  is  the  saving  of  fine  free  mineral  at  the  first  opportunity. 
This  is  a  matter  less  well  understood  in  the  mills,  and  to  dwell  upon  this 
the  present  paper  is  written. 

The  writer  is  himself  convinced  and  hopes  to  convince  the  reader  that, 
for  obtaining  the  above  result,  not  only  is  better  classification  needed, 
but  also  more  classification;  that  is,  there  should  be  more  spigots  or 
pockets  to  the  classifier.  His  attention  was  recently  called  to  a  small  mill 
which  had  a  three-pocket  cone  classifier  fed  with  from  2  to  0  mm.  stuff, 
supplying  feed  to  four  Wilfley  tables.    The  first  spigot  had  about  all  the 
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sand  and  a  great  amount  of  slime,  the  second  and  third  spigots  and  the 
overflow  were  about  all  slime.  As  a  result,  all  four  Wilfley  tables  had 
wide  bands  of  slime  on  them  and  all  their  tailing  products  were  charged 
full  of  fine  free  mineral.  In  fact,  the  cone  classifier  was  not  classifying 
the  ore  at  all,  and  the  mill  process  was  greatly  harmed  from  the  lack  of 
classification.  It  is  a  proved  fact  that  when  the  feed  to  a  Wilfley  table 
carries  slime,  then  the  Wilfley  tailing  will  carry  fine  free  mineral.  When 
this  ore  was  tested  in  the  laboratory  it  easily  yielded  12  spigots,  all  of 
which  when  fed  to  Wilfley  tables  gave  no  slime  bands  on  the  table,  and 
the  fine  free  mineral  was  absent  from  the  tailing  of  all  the  coarser  Wilfley 
tables  and  present  only  in  small  quantity  in  a  few  of  the  finer. 

Better  Classification  and  More  Classifi4xUiion. 

All  classifiers  which  classify  by  a  rising  current  of  water  have  a  feature 
which  we  call  the  sorting  column,  in  which  the  sand  is  trying  to  settle, 
and  is  allowed  to  settle  or  is  prevented  from  settling,  according  to  the  size 
and  weight  of  the  grains,  by  the  velocity  of  the  rising  current  of  water, 
a  stronger  current  lifting  larger  and  heavier  grains,  a  weaker  current  lifting 
smaller  and  lighter  grains.  This  sorting  colunm,  whether  square  or 
cylindrical  in  shape,  will  have  adverse  downward  currents  of  water 
carrying  slime  down  into  the  spigot,  thus  defeating  the  whole  object  of 
classification  unless  some  special  provision  is  made  to  stop  it. 

To  obtain  better  classification,  and  prevent  the  adverse  down  currents 
two  methods  have  been  employed: 

1.  Causing  a  vortex  or  horizontal  rotation  in  the  sorting  colunm. 

2.  Using  a  pulsating  rising  current. 

Both  of  these  methods  give  better  classification  by  destroying  the  hurt- 
ful downward  current,  avoiding  the  carrying  of  slime  into  the  spigot, 
and  preventing  fine  free  mineral  from  going  into  the  tailing  of  all  the 
coarser  Wilfley  tables. 

To  obtain  more  classification  we  simply  lengthen  the  classifier,  using 
more  pockets.  As  the  benefit  of  this  may  not  be  apparent  to  the  con- 
centrator man,  figures  are  here  given  to  prove  the  point: 

'  Three-Spigot  Classifier, 

-jfa-  of  the  quarts 
Quartz.  is  galena. 

Diametef)  Diameter, 

Spigot.  Millimeters.  Millimeters. 

1 6.3    to2.15  6.3       too. 614 

2 2.15to0.73  0.614   to0.208 

3 0.73to0.25  0.208   toO.0715 

Overflow 0.25to0.00  0.0715  to  0.0000 
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Ttoelve'Spigoi  Classifier. 


Quarts. 
Diameter, 

Spigot.  Millimeters. 

1 6.30  to  4.79 

2 4.79  to  3.66 

.3 3.66  to  2.80 

4 2.80  to  2. 14 

5 2. 14  to  1.63 

6 1 .63  to  1 .26 

7 1.26  to  0.96 

8 0.96  to  0.73 

9 0.73  to  0.56 

10 0.56  to  0.43 

11 0.43  to  0.33 

12 0.33  to  0.26 

OA-erflow 0.25  to  0.00 


-f^s-  of  the  quarts 
is  galena. 
Diameter, 
Millimeters. 

6.30  to  1.37 

1.37  to  1.05 

1.05  toO.80 

0.80  to  0.61 

0.61  to  0.47 

0.47  to  0.36 

0.36  to  0.27 

0.27  too. 21 

0.21  to0.16 

0.16  too. 12 

0.12  too. 094 
0.094  to  0.071 

0.071  to  0.000 


We  will  take  two  instances:  1,  the  classifier  which  has  only  three 
pockets  (see  table)  and  is  classifying  stuff  from  0.25  in.  (6.3  nun.)  to  0; 
2,  the  classifier  with  12  pockets^  treating  the  same  product.  We  will 
suppose  that  the  classification  is  being  done  upon  quartz  (sp.  gr.  2.64) 
and  galena  (sp.  gr.  7.5)  ore,  and  we  will  consider  it  to  be  a  free-settling 
classifier,  which  will  demonstrate  the  point  better  than  if  hindered  set- 
tling was  used.  It  will  be  borne  in  mind  that  with  free  settling  the  classi- 
fied products  after  the  first  spigot  and  before  the  final  overflow  will  con- 
tain grains  where  the  quartz  is  approximately  3.5  times  the  galena  in 
diameter. 

If  we  consider  any  pair  of  products  except  the  first,  which  in  both 
instances  has  the  added  increment  in  it  (see  paper  on  The  Development 
of  Hindered-Settling  Apparatus),  and  the  overflow,  both  of  which  require 
special  treatment,  different  from  that  of  all  the  intermediate  spigots,  we 
believe  it  will  be  clear  that  .a  Wilfley  table  treating  the  second  spigot  of 
the  three-spigot  classifier,  which  has  to  separate  0.614  to  0.208  mm. 
galena  from  2.15  to  0.73  mm.  quartz,  will  not  have  so  easy  a  task  as  the 
Wilfley  table  which  treats  the  second  spigot  of  the  12-8pigot  classifier  and 
has  to  separate  1.34  to  1.001  mm.  galena  from  4.70  to  3.51  mm.  quartz. 
The  same  opinion  will  hold  if  the  third  spigot  of  the  three-spigot  classifier 
is  compared  with  the  twelfth  spigot  of  the  12-spigot  classifier,  and 
is  true  of  all  the  mtermediate  spigots  of  the  12-spigot  classifier.  The 
comparison  would  be  much  stronger  if  quartz,  2.65  sp.  gr.,  and  pyrite,  5 
sp.  gr.,  were  used,  and  still  more  so  if  quartz,  2.65  sp.  gr.,  and  blende,  4 
sp.  gr.,  were  used. 

To  put  the  case  still  more  strongly  the  writer  adds  the  following  facts: 
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The  late  George  Woodbury,  of  California,  found  that  the  Wilfley  table 
could  not  compete  with  the  vanner  in  treating  unclassified  feed  of  the  gold 
mills  of  the  mother  lode  of  California  which  were  treating  100  tons  a  day, 
more  or  less.  He  did  not  locate  the  cause  of  this  difference  between  the 
machines,  or,  if  he  did,  he  did  not  make  his  views  public.  At  the  Massa- 
chusetts Institute  of  Technology  we  have  located  the  cause.  The  chief 
loss  in  the  tailing  of  the  Wilfley  or  vanner,  when  treating  unclassified  f  eed» 
is  the  presence  of  fine  free  mineral.  The  maximum  size  of  the  grains  of 
fine  free  mineral  in  the  tailing  of  the  Wilfley  table  is  larger  than  that  of 
the  vanner.  This  amply  explains  Woodbury's  observation.  We  have 
manv  measurements  on  these  sizes,  but  want  better  check  results  before 
we  publish  them. 

Next,  let  us  see  what  a  long  classifier  with  many  spigots  will  do,  which 
a  short  classifier  cannot  do.  We  shall  find,  as  we  follow  on  down  from  the 
coarser  spigots  toward  the  finer,  that  Wilfley  tables  will  yield  tailing 
products  free  from  fine  free  mineral  and,  therefore,  at  the  minimum  assay 
that  can  be  obtained  without  further  re-grinding.  After  a  time,  however, 
we  shall  arrive  at  a  spigot  where  the  heavy  mineral  in  the  spigot  is  the 
same  size  as  the  normal  size  of  Wilfley  fine  free  mineral.  Then  the  Wilfley 
table  breaks  down,  can  no  longer  yield  clean  tailing,  and  the  vanner 
should  take  its  place,  because  the  fine  free  mineral  in  the  vanner  tailing 
is  smaller  than  that  in  the  Wilfley  table.  If  we  follow  still  further  down  the 
spigots  we  shall  find  a  spigot  or  the  final  overflow  where  the  size  of  the 
heavy  mineral  is  the  same  as  the  size  of  the  fine  free  mineral  in  the  vanner 
tailing.  Then  the  vanner  breaks  down,  can  no  longer  yield  clean  tailing, 
and  we  go  to  the  new  great  Anaconda  round  table,  which  takes  all  the 
rest  down  to  the  size  of  the  heavy  mineral  that  floats  away  in  a  slow- 
moving  stream  of  water.  With  this  the  methods  of  water-gravity  separa- 
tion of  fine  material,  that  are  now  in  sight,  close. 

The  critic  will  say:  **But  you  are  diluting  your  slime  beyond  reasonable 
limits  by  using  so  many  pockets."  The  writer  answers  that  that  depends 
upon  whether  the  classifier  is  evenly  fed.  If  it  is  not,  the  water  may  be 
unreasonably  large  in  quantity,  but  if  devices  can  be  installed  that  give 
even,  constant  feed,  as  for  instance,  those  in  the  Utah  porphyry  mills, 
then  there  need  be  no  fear  of  excess  water.  The  following  argument  will 
show  this:  Suppose  we  have  to  classify  400  tons  in  24  hr.,  and  we  wish  to 
classify  into  15  spigots.  It  takes  3.5  tons  of  water  to  1  ton  of  sand  for 
feeding  the  classifier;  again  3.5  tons  of  water  rising  in  a  sorting  column  to 
allow  1  ton  of  sand  to  go  down  to  the  spigot,  whether  coarse  or  fine;  again 
3.5  tons  of  water  to  1  ton  of  sand  to  discharge  it  through  the  spigot.  Next, 
suppose  we  need  350  tons  per  24  hr.  from  the  spigots  and  50  from  the 
overflow.  What  difference  does  it  make  whether  we  settle  the  350  tons 
of  sand  in  one  spigot  against  (multiplying  by  3.5)  1,225  tons  of  rising 
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water,  or  settle  the  350  tons  of  sand  divided  out  between  15  sorting  col- 
umns, requiring  1,225  tons  of  rising  water  also  divided  out  between  the  16 
sorting  columns.  The  15-spigot  classifier,  then,  if  it  is  steadily  and  evenly 
fed,  requires  no  more  water  and  delivers  overflow  no  more  dilute  than  a 
one-spigot  classifier. 

The  writer  believes  he  has  clearly  proved  that  both  better  classification 
and  more  classification  are  needed. 

Let  us  see  what  difficulties,  if  any,  have  to  be  overcome  in  order  to  put 
good  classifiers  into  a  mill.  1.  No  one  has  yet  succeeded  in  designing  a 
good  classifier  that  does  not  require  some  attention.  The  concentrator 
man  who  swears  by  fool-proof  machinery  and  declares  that  nothing  shall 
go  into  a  mill  that  is  not  absolutely  fool-proof  can  never  get  good  classifi- 
cation or  make  the  highest  saving.  2.  There  is  a  certain  lack  of  breadth 
about  concentrator  men  who,  naturally  enough,  perhaps,  like  to  have  their 
own  machines,  and  refuse  to  allow  the  machines  of  outsiders  to  succeed 
in  their  mills.  One  instance  of  this  may  be  mentioned.  A  classifier  which 
had  a  screen  in  it  was  tested  in  a  mill.  In  some  way  unknown  to  the  de- 
signer the  screen  had  holes  develop  in  it  as  large  as  a  crowbar  would  make. 
The  manager  asked  the  concentrator  man  to  have  samples  taken  and 
assays  made  to  see  what  results  the  classifier  would  give.  Of  course  the 
result  was  as  bad  as  could  be  and  the  classifier  was  condemned  and  thrown 
on  the  junk  pile.  If  the  holes  came  by  accident,  the  classifier  was  not  in 
fit  condition  to  test.  This  paragraph  really  belongs  to  the  discussion  of 
professional  ethics,  which  has  been  so  much  under  discussion  lately. 
For  example,  has  a  concentrator  man  a  right  to  turn  down  good  machinery 
by  unfair  tests  and  deprive  the  stockholders  of  his  company,  whose  money 
pays  his  salary,  of  the  extra  dividend  that  might  be  developed? 

If,  then,  it  be  admitted  that  fool-proof  machinery  of  certain  classes  is 
bad  machinery  and  that  more  perfect  performance  can  only  be  obtained 
where  the  machine  requires  greater  care,  how  can  this  care  be  secured? 
The  answer  is,  get  a  higher-priced  man  to  inspect  and  see  that  the  machines 
are  run  properly  and  are  always  in  good  order. 

Good  classification  can  save  large  sums  of  money,  $25,000,  $50,000, 
$100,000  or  more  a  year.  If  to  run  such  classifiers  we  require  a  $1,500 
man  and  three  of  him  for  the  thiee  shifts,  it  would  pay  well  to  spend  $4,500 
a  year  to  make  any  of  the  above  figures  of  saving;  $4,500  is  only  18  per 
cent,  of  $25,000  and  9  per  cent,  of  $50,000.  What  successful  business 
Doan  hesitates  to  spend  25  or  even  50  per  cent,  of  the  net  income 
in  advertising  in  order  to  make  the  business?  It  is  common,  every-day 
custom.  Then  why  should  we  not  spend  18  or  9  per  cent,  of  the  increased 
net  mcome  in  order  to  bring  ore  dressing  to  the  highest  pitch  of  profit? 

The  conclusion,  then,  is  that  we  need  better  classification,  more  classi- 
fication, and  higher-priced,  broader-minded  men  to  see  that  the  greatest 
benefit  is  derived  from  the  improved  machinery. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ■hould  i>referably  be  pnMntod  in  penoa  at  the 
Butte  iwieting.  Aug.  18  to  21,  1913,  when  an  «betraot  of  the  pM>er  will  be  rekd.  If  thie  u  impoeeible. 
then  dbeuaiion  in  writinc  may  be  sent  to  the  Editor,  American  Lutitute  of  Mining  Engineers,  29  Weet 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UnleiB  special  arrangement  is  made,  the  discussion  of  this  paper  will  cloee  Oet.  1,  1913,  when  Vol.  XLVI. 
of  the  Tnuiaaetions  will  ^o  to  press.  Anv^  discussion  ofFered  thereafter  should  preferably  be  in  the  form  of 
a  new  p^ier  for  publication  in  Vol.  XLvII.  (with  suitable  eross  references  in  both  Tolumes). 


Use  of  Electricity  in  Mining  in  the  Butte  District 

BY  JOHN  GILUE,  BUTTE,  MONT. 
(Butte  Meeting,  August,  1913.) 

Prior  to  the  year  1902  electricity  was  used  in  the  Butte  district  only 
for  lighting,  for  the  tramming  of  ores  on  the  surface,  and  for  the  electro- 
lytic refining  of  copper.  In  that  year  the  Canyon  Ferry  hydro-electric 
plant  on  the  Missouri  river,  with  a  transmission  line  to  Butte  and  Ana- 
conda, was  completed,  and  enabled  the  mining  operators  to  purchase 
electric  current  in  large  quantities  at  reasonable  rates,  and  its  application 
and  use  in  the  various  mining  operations  and  reduction  works  proceeded 
rapidly. 

The  principal  applications  of  electric  current  in  metal  mining  may  be 
listed  as  follows: 

Compressing  air  for  hoisting. 

Compressing  air  for  rock  drills  and  pneumatic  tools. 

Pumping. 

Ventilating. 

Lighting. 

Tramming. 

Compressing  air  for  bl^t  furnaces  and  converters 

Running  shop  and  miscellaneous  motors. 

Compressed  Air  for  Hoisting, 

The  Anaconda  Copper  Mining  Co.  operates  22  mine  shafts  and  plants 
at  Butte.  Of  these,  15  are  large  plants  and  hoists,  through  which  most 
of  its  ores  are  hoisted. 

In  1912  this  company  commenced  using  compressed  air  in  place  of 
steam,  in  operating  a  number  of  its  large  hoists,  and  at  this  date  has  10 
main  hoisting  engines  and  10  auxiliary  hoists  driven  by  compressed  air. 

The  compressed  air  is  furnished  from  a  central  plant  containing  six 
compressors,  each  having  a  capacity  of  7,500  cu.  ft.  of  free  air  per  minute 
compressed  to  90  lb.  pressure  in  large  receivers,  and  conducted  by  suitable 
pipe  lines  to  the  various  hoists,  the  air  being  reheated  before  passing  to 
the  engines.  Each  of  these  compressors  is  driven  by  a  1,200-h.p.  syn- 
chronous motor,  directly  attached  to  the  drive  shaft,  and  takes  electric 
current  at  2,200  volts.    Two  additional  compressors  Tire  being  installed, 
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making  eight  in  all,  which  will  complete  the  compressing  plant.  Seven 
of  these  machines  will  run  continuously,  and  they  will  use  8,000  e.h.p. 
The  excess  air,  or  blow-off,  goes  into  the  rock-drill  air  system. 

The  hoisting  engines,  as  formerly  used  with  steam,  had  cylinders  30  or 
32  in.  in  diameter  and  72  in.  stroke.  To  adapt  them  to  the  use  of  com- 
pressed air,  the  old  cylinders  were  replaced  with  new  ones,  34  in.  in  diam- 
eter, having  valve  mechanism  of  the  most  approved  type. 

Compressed  Air  for  Rock  Drills, 

The  air  in  rock-drilling  operations  is  used  at  85  lb.  pressure,  and  for 
the  large  operations  is  usually  furnished  from  three  or  four  central  plants, 
the  smaller  mines  using  individual  machuies.  A  total  of  13,455  e.h.p.  is 
used  for  this  purpose,  and  the  voltage  used  is  from  440  to  2,200. 

Pumping, 

In  draining  the  mines  electrically  driven  pumps  are  very  generally  used, 
and  a  total  of  4,780  e.h.p.  is  necessary.  The  large  pumps  are  quintuplex 
vertical  plunger  type,  with  a  capacity  of  600  gal.  against  a  head  of  1,200 
ft.  The  smaller  units  are  of  various  types.  Centrifugal  pumps  are  not 
used  on  account  of  the  acid  nature  of  the  mine  waters. 

Ventilating. 

The  mines  of  the  Butte  district  are  warm,  due  to  the  oxidizing  of  the 
sulphide  minerals,  and  forced  ventilation  is  largely  resorted  to.  Twenty- 
five  hundred  electric  horse  power  is  used  for  driving  ventilating  fans.  In 
addition  to  fans  and  blowers,  compressed  air  is  used  after  blasting  to  clear 
the  mines  of  powder  gases  and  foul  air. 

Trarnming, 

Electric  locomotives  are  being  introduced  in  all  tramming,  both  under- 
ground and  surface,  and  this  work  requires  1,860  e.h.p.  Direct  current 
500  volts  is  used  for  surface  tramming;  D.  C.  250  volts  is  used  for  all 
underground  tramming.  There  are  a  few  storage-battery  locomotives  in 
use  at  Butte,  but  the  general  system  is  trolley,  using  D.  C.  250  volts.  The 
mine  locomotives  are  18-in.  gauge,  weight  3  tons,  have  two  10-h.p.  motors, 
and  a  draw-bar  pull  rated  at  1,200  lb.  The  average  load  hauled  per  trip 
is  12  tons,  including  weight  of  cars  and  ore,  on  the  usual  mine  track  with 
grade  of  0.5  per  cent. 

Lighting, 

Underground,  the  stations,  main  cross-cuts  and  drifts  are  electrically 
lighted,  as  well  as  the  surface  plants  and  property.  A  total  of  about  1,300 
h.p.  is  used  for  this  purpose. 
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Ore^Reducing  Works. 

At  Butte,  Anaconda,  and  Great  Falls,  all  the  Butte  ores  are  treated. 
In  the  case  of  zinc  ores,  concentrates  containing  about  50  per  cent,  of  zinc 
are  produced,  and  these  are  shipped  to  the  natural-gas  districts  for  smelt- 
ing and  recovery  of  the  metals. 

For  copper  ores  about  80  per  cent,  is  reduced  to  the  extent  of  making 
converter  or  blister  copper,  containing  the  gold  and  silver,  which  for 
further  refining  and  separation  is  shipped  to  the  large  electrolytic  refineries 
on  the  Atlantic  coast.  The  remaining  20  per  cent,  is  fully  treated  or 
reduced,  and  merchantable  wire  bars  and  other  forms  of  finished  copper 
are  produced,  and  the  gold  and  silver  is  also  separately  obtained.  This 
is  done  at  an  electrolytic  refinery  at  Great  Falls.  In  these  ore-reducing 
plants  24,177  h.p.  are  used,  in  driving  concentrators  and  blowing  engines, 
and  in  operating  cranes,  shops,  and  the  different  power  machinery  in 
connection  therewith. 

Other  Applications  of  Electricity, 

In  connection  with  the  use  of  electricity  in  mining,  it  might  not  be  out 
of  place  to  briefly  mention  the  electrification  of  the  Butte,  Anaconda  & 
Pacific  railway,  which  is  now  nearly  completed.  This  railroad  connects 
the  mines  at  Butte  with  the  reduction  works  at  Anaconda,  and  handles 
about  5,000,000  tons  of  freight  yearly,  consisting  of  ores  from  the  mines 
and  supplies  of  all  kinds  to  both  mines  and  smelters.  In  addition  to  the 
freight  hauled,  the  passenger  business  between  the  two  cities  is  taken  care 
of  by  this  road.  The  conditions,  including  grades,  curvature  and  climate, 
are  sufficiently  severe  to  thoroughly  prove  this  method  of  railway  trans- 
portation. 

The  constructing  engineers  have  adopted  for  this  work  a  2,400-volt 
D.  C.  system,  with  overhead  trolley.  Freight  locomotives  will  consist  of 
two  units,  each  weighing  80  tons.  Passenger  locomotive  will  be  one  80- 
ton  unit  geared  higher  to  permit  of  a  speed  of  45  miles  per  hour.  A  part 
of  the  road  has  been  electrically  operated  for  several  weeks,  and  is  work- 
ing very  satisfactorily. 

Near  the  famous  old  placer  camp  of  Virginia  City,  Mont.,  about  90 
miles  southeasterly  from  Butte,  four  large  placer  dredges  are  operated 
by  electrically  driven  motors,  and  are  proving  an  entire  success. 

Not  all  of  the  applications  of  electric  energy  to  mining  have  been  given 
here,  but  enough  to  show  that  where  electricity  can  be  procured  at  proper 
prices  and  conditions  it  is  a  most  valuable  aid  to  both  miner  and  metal- 
lurgist in  effecting  economies  in  their  business. 
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[SUBJBCT  TO  REVMIOy.] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  tbould  pr«f«rably  be  prawnted  in  peraon  at  the 
Butte  meetini.  Aug.  18  to  21, 1913,  when  an  abatnust  of  the  paper  will  be  read.  U  this  is  imnoewibie,  then 
diKunion  in  wiitinc  may  be  sent  to  the  Editor,  American  Inatitute  of  Mining  Engineers,  29  Weet  39th 
Street,  New  York:,  N.  Y.,  for  presentation  by  the  Secretary  or  other  repreeentative  of  its  author.  Unless 
medal  arrangement  is  made,  the  discussion  of  this  pep^r  will  close  Oct.  1,  1913,  when  Vol.  XLVI.  of  the 
Tran»aeii<nu  will  ^  to  press.  Any  dlsctusion  offered  thereafter  should  preferably  be  in  the  form  of  a  new 
paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  Both  volumes). 


A  Note  on  the  Occurrence  and  Manufacture  of  Refractories  in  Montana. 

BY  W.  H.  GUNNISS,  GREAT  FALLS,  MONT. 
(Butte  Meeting,  August,  1913.) 

When  the  copper  smelters  were  built,  in  Montana,  all  of  the  refractory 
products  which  were  used  in  their  construction  were  shipped  in  from  East- 
ern factories.  It  was  apparent  that  if  a  material  suitable  for  the  manu- 
facture of  these  products  could  be  found  within  the  State,  a  saving  of 
freight  could  be  effected  and  a  new  industry  built  up. 

Prospecting  for  such  materials  was  started  and  experiments  were  made 
with  samples  from  numerous  deposits.  Considerable  effort  and  funds 
were  expended  in  an  attempt  to  manufacture  silica  brick  from  Dillon 
quartz,  a  light  colored  sandstone  that  is  found  near  Dillon,  Mont.,  on  the 
Oregon  Shortline  railroad.  As  a  brick  material  the  Dillon  quartz  was  a 
failure,  but  it  has  proved  very  satisfactory  as  a  silica  cement.  It  is  now 
bemg  used  in  laying  silica  brick  and  for  reverberatory  furnace  bottoms. 

A  bed  of  quartzite  that  is  particularly  suited  to  the  manufacture  of 
high-grade  silica  brick  was  finally  discovered  at  Browns  Spur,  6  miles  west 
of  Anaconda.  The  material  from  this  deposit  is  now  being  used  in  the 
manufacture  of  the  Anaconda  silica  brick,  which  have  gained  a  wide  rep- 
utation for  heat-resisting  and  lasting  qualities.  The  analysis  of  an  average 
sample  of  this  quartz  is:  SiOj,  96.7;  FejOj,  0.3;  AljOa,  2.5;  CaO,  0.3  per 
cent.  The  very  low  percentage  of  fluxing  ingredients  makes  this  a  most 
refractory  material. 

All  of  the  Anaconda  silica  brick  are  hand  molded.  Various  types  of 
brick  machines  have  been  tried,  but  the  hand-mold  process  proved  the 
best  suited  to  the  manufacture  of  silica  brick  from  this  material.  The 
silica  is  first  put  through  a  jaw  crusher  and  is  then  dumped  into  wet  pans, 
where  4  per  cent,  of  lime  paste  is  added,  to  produce  a  bond.  Without  the 
lime  the  material  would  not  be  plastic  enough  to  mold.  After  a  few 
mmutes'  grinding  in  the  wet  pans  the  material  is  conveyed  to  the  molder, 
who  forces  it  into  the  molds  by  hand.  The  brick  are  then  dumped  on 
pallets  and  placed  in  the  drier,  where  they  are  left  until  dry  enough  to  be 
set  in  the  kilns.  Some  of  the  brick  are  re-pressed  before  being  dried. 
They  are  burned  about  five  days,  in  round  down-draft  kilns.  It  is  not 
necessary  to  have  as  much  heat  in  the  kilns  as  the  brick  will  be  subjected 
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to  when  in  use  in  the  furnaces.  Montana  refractories  are  used  in  smelters 
throughout  the  West- 
Prospecting  for  fire  clays  was  also  carried  on.  After  experimenting 
with  clays  from  several  different  deposits,  it  was  found  that  a  mixture  of 
40  per  cent,  .of  a  flint  fire  clay  (which  is  quarried  on  Lost  creek,  4  miles 
east  of  Anaconda)  and  60  per  cent,  of  a  plastic  fire  clay  (which  is  mined 
near  Armington,  Mont.)  made  an  excellent  fire  brick. 

The  flint  clay  from  Lost  creek  is  unlike  the  typical  flint  clays  of  Penn- 
sylvania, though  a  very  good  fire  clay.  It  is  a  light  colored  rock,  analyz- 
ing: SiOa,  71.6;  FeaOa,  1.3;  AljO,,  20.2;  CaO,  0.4  per  cent. 

The  plastic  fire  clay  mined  at  Armington  is  of  a  very  good  quality.  It 
is  found  in  the  Kootenai  formation.  The  deposit  has  a  thickness  of  from 
4  to  6  ft.,  and  occurs  about  26  ft.  above  the  Kootenai  coal  horizon.  It  is 
slate  colored,  fine  grained  and  homogeneous,  breaking  with  a  sub-con- 
choidal  fracture.  The  analysis  of  this  clay  is:  SiOa,  55.7;  AI2O3,  30.8; 
Fe20j,  1.1;  CaO,  0.2;  MgO,  0.5;  alkalies,  2.1;  loss  on  ignition,  10.2  per 
cent.  The  fire  brick  are  manufactured  at  the  Anaconda  plant  by  the  same 
process  as  is  used  in  making  the  silica  brick.  At  the  Great  Falls  plant  of 
the  Anaconda  Copper  Mining  Co.,  the  fire  brick  are  made  by  what  is 
known  as  the  dry  press  process. 

Comparative  tests  have  been  made  by  placing  fire  brick  from  Eastern 
factories  beside  the  Montana  fire  brick,  in  the  furnaces.  The  result  has 
been  that  the  Montana  brick  stood  the  tests  as  well  as  any  of  the  celebrated 
refractory  brick  manufactured  in  the  East. 

Refractory  wares  are  manufactured  in  Butte  from  a  clay  quarried  on 
Lost  creek  near  the  deposit  worked  by  the  Anaconda  Copper  Mining  Co. 
A  sample  of  this  clay  gives  the  following  analysis:  SiOa,  72.8;  FejOj,  3; 
AI2OS,  23.7  per  cent. 

Building  brick  are  manufactured  in  all  the  largest  cities  of  the  State, 
the  red  surface  clays  being  used  in  most  cases,  though  shales  suitable  for 
the  manufacture  of  paving  brick  are  found  in  some  localities  and  used  for 
making  building  materials. 

That  the  clay  resources  of  the  State  have  not  been  further  developed  is 
due  largely  to  the  fact  that  many  of  the  deposits  are  at  present  inacces- 
sible, but  as  the  railroads  branch  out  the  conditions  for  exploitation  become 
more  favorable  and  these  clays  will  be  of  conunercial  value. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Butte  meeting,  Aug.  18  to  21, 1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
We«t  39th  Street,  New  York.  N .  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1918,  when 
Vo!.  XLVI.  of  the  Tranaactiani  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
in  tbe  form  of  a  new  paper  for  publication  in  Vol.  XLVI  I.  (with  suitable  cross  references  in  both 
volumes). 


The  Tin  Situation  in  Bolivia. 

BY  ROWLAND  BANCROFT,   DENVER,   COLO. 
(Butte  Meeting,  August,  1913.) 

This  article  is  not  presented  as  a  treatise  on  tin  mines  and  mining 
in  Bolivia.  It  deals  primarily  with  the  tin  situation,  and  but  frag- 
mentary information  is  given  regarding  individual  properties,  gener- 
alizations being  necessary  in  so  short  an  article.  Data  on  general 
subjects  related  to  tin  mining  in  Bolivia  are  necessarily  abbreviated 
and  very  incomplete.  It  is  believed  that  the  references  to  be  found 
in  this  article  will  help  those  interested  to  a  more  thorough  under- 
i*tancling  of  the  general  conditions  extant  in  Bolivia. 

Bolivia  produces  from  one-fifth  to  one-fourth  of  the  world's  supply 
of  tin.  The  United  States  consumes  about  one-half  of  the  world's 
supply  and  produces  practically  none.  Tin  ore  is  not  reduced  in  the 
United  States.  These  facts  are  not  generally  appreciated  by  Amer- 
icanmining  men.  Many  conflicting  data  have  been  published  regard- 
ins:  tin  in  Bolivia.  The  Transactions  of  the  Institute  contain  practi- 
call\'  no  mention  of  this  subject.^ 

I  have  made  a  study  of  mines  and  mining  conditions  in  the  west 
coast  republics  of  South  America  and  have  been  particularly  impressed 
by  the  possibilities  of  the  Bolivian  field.* 

In  consequence  the  thought  seems  justified  that  the  present  meet- 
ing woold  present  a  fitting  occasion  to  bring  the  tin  situation  in 
Bolivia  to  the  attention  of  American  mining  men. 


^  Brief  mention  of  tin  in  Bolivia  wiU  be  found  in  A.  F.  Wendt's  very  interesting  account 
ofThePotosi,  Bolivia,  Silver  District,  Trans.,  xix.,  90  to  91  (1890-91). 

-  The  possibilities  of  this  field  have  caused  others  to  write  upon  the  subject,  references 
tosereral  publications  appearing  in  this  paper.  However,  in  this  article  I  have  tried  to 
pi^^ent  the  subject  with  a  view  to  showing  the  importance  of  the  Bolivian  tin  field  to  the 
Tnited  States,  this  country  being  the  largest  user  of  tin  in  the  world  and  up  to  the  present 
is  without  a  domestic  supply.  While  the  following  presentation  of  the  subject  is  in  part  a 
repetition  of  previously  published  material,  it  represents  nevertheless  the  result  of  my  own 
observations,  combined,  to  some  extent,  with  a  compilation  of  data  based  upon  the  writings 
VKi  statements  of  others. 
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General  Statements. 

If  the  following  facts  are  kept  in  mind  in  consider! iig  the  tin  situa- 
tion in  Bolivia  the  importance  of  the  field  to  the  people  of  the  United 
States  interested  in  mining  will  become  very  apparent. 

1.  As  already  stated,  Bolivia  produces  from  one-fifth  to  one-fourth 
of  the  world's  supply  of  tin.  This  production  comes  from  a  compara- 
tively few  mines,  the  Bolivian  tin  industry  being  in  its  infancy.  Fig.  1 
^hows  the  production  of  tin  in  Bolivia  from  1897  to  1912.  During 
this  short  period  the  output  has  increased  from  a  little  over  2,000 
metric  tons  to  more  than  23,000  metric  tons. 

2.  The  United  States  consumes  about  one-half  of  the  world's  sup- 
ply of  tin,  and  the  domestic  production  is  negligible.  Fig.  2  shows 
the  increase  in  the  importation  of  tin  by  the  United  States  during  the 
interval  between  1897  and  1912.  The  imports  have  increased  from 
25,000  metric  tons  in  1897  to  nearly  twice  that  amount  in  1912.  This 
has  been  largely  due  to  the  flourishing  condition  of  the  American  tin 
plate  industry. 

3.  The  consumption  of  tin  is  steadily  increasing,  as  is  also  the  pro- 
duction, the  latter  being  due  largely  to  the  Bolivian  supply.  This 
increase  in  consumption  and  production  has  been  accompanied  by  a 
steady  increase  in  the  price  of  tin,  which  has*  risen  from  13  c.  per 
pound  in  1897  to  50  c.  in  1912.  To-day,  tin  is  sold  for  ^^  the  price 
of  silver.  Fig,  2  shows  the  average  monthly  price  of  tin  in  New  York 
from  1897  to  1912.  The  increased  production,  or  the  world's  supply, 
of  tin  has  been  accompanied  by  a  persistent  rise  in  the  price. 

4.  One-half  of  the  world's  supply  of  tin  ore  is  controlled  by  Great 
Britain,  and  is  smelted  on  British  territory,  the  export  of  this  propor- 
tion of  tin  ore  being  prohibited  by  reason  of  the  high  export  tax  on 
tin  ore  mined  in  the  Malay  Straits,  British  possessions.  Fig.  1  shows 
the  world's  production  of  tin  from  1897  to  1912.  Bolivia's  produc- 
tion is  also  platted  for  comparison.  The  production  from  Bolivia  is 
approximately  equivalent  to  the  increase  in  the  world's  production. 

5.  Notwithstanding  the  consumption  of  one-half  the  world's  supply 
of  tin  by  the  United  States,  capital  from  this  country  is  not  invested  • 
in  tin  properties  and  tin  ore  is  not  reduced  in  the  United  States.  In 
consequence,  by  the  purchase  of  one-half  the  world's  supply  of  metal- 
lic tin  the  United  States  pays  the  entire  profits  resulting  from  mining 
and  milling  of  one-half  of  all  the  tin  ore  mined,  freight  on  ore  to 
reduction  works,  reduction  of  ore  to  metallic  tin,  shipment  of  metallic 
tin  to  the  United  States,  brokers'  commissions,  etc.  Fig,  3  shows  the 
value  of  the  world's  production  of  tin,  the  value  of  tin  imported  into 
the  United  States,  and  the  value  of  the  Bolivian  tin  production  from 
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Fig.  1.— World's  Pboductioh  of  Tin  ;  Imforts  op  Tin  imto  the  United  States  ; 
AND  Production  op  Bolivian  Tin,  from  1897  to  1912. 
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1897  to  1912.     The  total  output  has  now  reached  a  figure  where  the 
production  is  worth  in  round  numbers  $100,000,000  annually. 

6.  As  above  stated,  one-half  of  the  world's  production  of  tin 
ore  is  not  available  to  purchase  by  nations  other  than  Great  Britain 
because  of  the  high  export  duty  on  tin  ore  mined  in  the  Malay 
Straits,  British  possessions.  This  leaves  for  purchase  by  the  United 
States  the  tin  ore  mined  in  Banka,  Billiton,  Tongka  Harbor,  Aus- 
tralia, Africa,  and  Bolivia.  The  last  named  produces  as  much  as  all 
the  others  mentioned,  is  by  far  the  most  accessible  country,  and  the 
completion  of  the  Panama  Canal  will  greatly  facilitate  American 
operations.  The  Bolivian  mining  laws  are  in  many  respects  superior 
to  those  of  the  United  States.  The  export  tax  on  tin  ore  is  graduated 
to  comply  ^vith  the  market  price  of  tin.     For  example : 
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Fig.  2. — Average  Monthly  Price  of  Tin  in  New  York  trom  1897  io  1912. 

^^The  duties  on  tin  are  graded  according  to  the  London  quotations  for  the  bars  of 
Straits  tin,  and  rise  from  Bs.  0.90  for  each  100  pounds  when  tin  bars  are  quoted  at 
£100  to  Bs.  3.30  [Bs.  12.60  =  £1  =  $4.8666  U.  S.  currency]  if  the  price  reaches  £200 
or  more.  These  rates  are  for  barilla  of  60  per  cenU,  but  the  bars  of  pure  tin  pay  Bs.  1.80 
for  each  100  pounds  when  the  London  quotations  for  Straits  tin  is  £100  a  ton,  and  Be.  4.20 
if  the  price  is  over  £200."  ' 

Bolivia  to-day  ranks  first  among  the  tin  lode  mining  countries, 
producing  about  four  times  as  much  tin  from  lode  mines  as  Cornwall. 
In  fact,  one  mine  in  Bolivia,  La  Salvadora,  is  credited  with  a  yearly 
production  equivalent  to  the  total  production  of  Cornwall.  As  is 
well  known,  the  largest  production  of  tin  in  the  world  comes  from 
the  Straits  Settlements,  this  production  combined  with  that  from 
Banka  and  Billiton  contributing  two-thirds  of  the  world's  production 

'  From  a  pamphlet  entitled  Bolivia,  published  by  the  Bolivian  Legation,  Washington, 
D.  C.  (1912). 
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Fig.  3.— Value  op  the  World's  PBODrcnoN  op  Tin  ;  Value  of  the  Tin  Im- 
ported INTO  THE  United  States;  Value  op  the  Bolivian  Tin  Production, 
PROM  1897  to  1912.  _rj  :.  i 
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of  tin.  Australia,  China,  and  Africa  also  contribute  some  tin.  Indi- 
vidually, however,  they  are  not  at  present  important  factors  in  the 
world's  supply  of  this  metal.  It  is  to  be  remembered  that  all  of  the 
tin  ore  mined  in  the  Straits  Settlements,  excepting  about  3,000  tons 
produced  yearly  in  the  vicinity  of  Tongka  Harbor  by  Australians,  is 
subject  to  an  export  tax  of  33^  per  cent.,  this  tax  effectively  keeping 
the  tin  ore  in  British  hands  until  it  has  been  smelted.  Some  of  you 
will  doubtless  recall  the  attempt  to  operate  a  tin  smelter  at  Bayonne, 
N.  J.,  about  seven  years  ago.  This  smelter  was  never  blown  in 
because  the  exports  of  Straits  Settlements  ore  to  other  than  British 
possessions  was  promptly  forestalled  by  the  enactment  of  the  English 
export  tax  of  33^  per  cent.  Consequently  the  transports  carrying  oil 
from  the  United  States  to  Asia  were  compelled  to  return  without  a 
cargo  of  tin  ore  from  the  Straits  Settlements,  which  was  contrary  to 
the  expectation  of  the  interests  concerned  in  building  the  tin  smelter. 

Tin-Producing  Area  of  Bolivia, — It  is  to  be  remarked  that  Bolivia  is 
the  only  country  in  South  America  producing  tin  ore  in  quantity, 
which  seems  strange  in  view  of  the  fact  that  Peru,*  Chile,*  and  Ar- 
gentine' have  many  geologic  relationships  in  common  with  those 
found  in  the  tin-producing  districts  of  Bolivia. 

Tin  ores  are  found  in  many  localities  in  Bolivia,  the  principal  pro- 
ducing properties  being  in  the  Departments  of  Oruro,  Potosi,  Cocha- 
bamba,  and  La  Paz,  the  first  two  named  being  at  present  by  far  the 
most  productive.  These  Departments  cover  roughly  100,000  square 
miles,  most  of  which  territory  is  mountainous,  and  all  of  which 
would  be  included  in  the  so-called  mineral  belt  of  Bolivia. 

Between  the  main  ranges  of  the  Andes  broad  flat  pampas  extend 
for  many  miles,  the  mean  elevation  of  these  being  about  12,000  ft. 
above  sea  level.  These  pampas  are  bounded  by  north-south  trending 
ranges  of  mountains,  some  of  which  rise  to  elevations  of  over  22,000 
ft.  above  sea  levels  and  throughout  the  mountain  districts  tin  ores  are 
found.     In  general,  it  may  be  said  that  the  tin  deposits  which  are 

^  T.  Olaechea,  commenting  upon  tin  in  Bolivia,  says  in  Boletin  de  Minos  Industria  y  Con- 
ftructioneSf  Lima,  1902 :  '^Although  tlie  metal  referred  to  [tin]  has  only  been  known  to 
exist  in  the  Department  of  Puno  [Peru],  it  will  not  be  strange  if  some  day,  owing  to  the 
mineral  wealth  of  the  Peruvian  soil,  tin  may  be  found  as  a  result  of  new  explorations,  in 
conditions  where  it  can  be  conveniently  worked." 

^  A.  Gotting,  Zeiischrift  fiir  praktisehe  Geologic,  June,  1894,  pp.  224  to  280,  states 
that  caasiterite  occurs  in  Chile  in  diabase  in  which  are  also  deposits  of  cinnabar,  siderite, 
etc.     He  states  that  the  caasiterite  does  not  appear  to  be  commercial. 

^  H.  D.  Hoskold,  in  Report  upon  the  Mines,  Mining,  Metailurgy,  and  Mining  Laws,  etc.,  of 
the  Argentine  Republic,  Buenos  Aires,  1904,  states  that  stream  and  lode  tin  have  been  dis- 
covered in  Argentine.  (Thus  far  these  deposits  are  not  believed  to  have  been  proved 
commercial. — Author. ) 


THE   TIN   SITUATION   IN    BOLIVIA. 


2817 


being  exploited  occur  between  the  elevations  of  12,000  and  19,000  ft, 
deposits  actually  being  worked  at  the  latter  altitude. 

In  this  connection  the  following  table  may  be  of  interest.  This 
table  is  reproduced  from  an  official  publication  by  the  Bolivian 
Government,  Monograjia  de  la  indusiria  Minera  en  Bolivia^  by  Pedro 
Aniceto  Blanco,  La  Paz,  Bolivia,  1910.  Readers  are  cautioned  not  to 
take  the  information  contained  in  the  table  too  literally ;  for  example, 
the  tin  content  of  the  veins  is  greatly  exaggerated.  However,  it 
represents  a  concise,  though  somewhat  inaccurate,  summary  of  a  few 
of  the  features  of  some  of  the  principal  tin  deposits  of  Bolivia, 

Generalized  Summary  of  Features  of  Som>e  of  the  Principal  Tin 

Deposits  in  Bolivia. 


Location. 


Haanuni 

Haanuni 

Huanaui 

Hu&nuni 

Penny  Danoan  i. 
Fenny  Duncan... 

Hnanuni 

Negro  Pabell6n... 

Morococala 

Vilacollo 

Colquirl 

Tre*Cruse< 

(irur.t 

Cballa-apachcta.. 
ChualiaKrande... 
Chuallagrande... 

Chuacho 

Tncla 

I'ncia 

I'ncia 

Llallaj^ua 

LiallaKua 

Benriguela 

UPaz 

La  Paz 

'■hondqiie 

Poi(»i 


Name  of  the 
Mine. 


!  Num- 
ber of 
Veins. 


Cataricagua 

Barreno , 

San  Josi& 

llejada 

Vetilla 

Vetilla 

Various 

Negro  FabelI6n. 


1 
1 
1 
1 
1 
1 


Strike. 


E.  &  W. 

N.  7:)°  E. 
N.MO°  E. 
E.  &  W. 
E.  &  W. 
N. 70°  E. 


Dip. 


50°  S. 
60°  S. 
45°  S. 
50°  S. 
70°  S, 


Country 
Roc  It. 


Per 
(•>ent. 
Tin. 


8 
3 
1 
1 
1 


Vilacollo 

Socob6n  Verde... 

Sayaquira 

Variola. 

Cballa*-apacheta 

Avicaya 

Totoral 

Cbuncho 

La  Salvadora 

Animas 

San  Miguel 

La  Blanca 

San  Fermin 

Various ' 

Cbacaltaya >       1 

Milluni I  Various 

Santa  B&rbara...,       1 
Various ' 


N.  &  S. 

*E."i'w." 

'nV8o°  e!' 


Vertical 
Vertical 
Vertical 
Vertical 
Vertical 


1 
4 

4 
3 
2 

I 

Various 

1 

1 


N.  45°  E. 

Vertical 

N.  S()o  E. 

50°  N. 

N.Sl^  E. 

50°  N. 

N.  35°  E. 

N.  S0°  W. 

N.  40°  E. 

74°  W. 

N.40°E. 

70°  W. 

N.10°E. 

N. 10°  E. 

E.  i  W. 

N.  50°  W. 
E.  &W. 


Vertical 


I 


Porphyry  WA 

Porphyry  11% 

Porphyry  11>^ 

Porphyry  1IV2 

Porphyry  11}^ 

Porphyry  IVZ 

Porphyry  11% 
Slate  ,  9>a 
Slate              '  10 

Porphyry  8 
Arenaceous  shales      5 

Slate  10 

Porphyry  « 
Porphyry  7 

Slate  8 

Porphyry  8 

Porphyry  8 

Porphyry  17 
Porphyry          ■  15 

Porphyry  15 

Porphyry  15 

Porphyry  15 
Porphyry  9 

Porphyry  and  slate  K 
Porphyry  and  slate  8 
Porphyry  9 

Porphyry  10 


Average 

Width 

of  Vein. 


1  meter 
1  meter 
1  meter 
1  meter 
1  meter 
1  meter 
1  meter 
0.08  cm.5 
Variable 
Variable 
1.3  meters 
1  meter 
Variable 
Variable 
1  meter 
1  meter 
1  meter 
0.8  meter 
O.H  meter 
0.8  meter 
0.5  meter 
0.5  meter 
Variable 
Variable 
I  meter 
Variable 
Variable 


'^  Penny  &  Duncan  is  the  name  of  a  company,  not  a  town.  They  are  probably  operating 
at  Ventilla. 

^  This  is  probably  a  typographical  error.  The  deposits  at  Negro  Pabell6n  are  known 
to  be  over  2  ft.  wide. 

Production. — Prior  to  1899  Bolivia  was  not  recognized  as  an  impor- 
tant factor  among  tin-producing  countries.  For  example,  the  pro- 
duction from  Bolivia  in  1883  was  only  493  tons.  The  following  year 
the  production  dropped  to  204  tons,  and  it  was  not  until  1888  that 
the  annual  production  exceeded  1,000  tons.^  From  this  time  until 
1898  the  production  fluctuated  under  3,000  tone  per  annum.  Since 
1898  the  production  has  been  almost  continuously  increasing  until  in 

^  Mineral  Industry,  vol.  i.,  p.  450  (1892). 
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1911  the  production  for  the  year  reached  23,000  metric  tons.  Set? 
Fig.  1,  compiled  from  data  contained  in  different  yolumes  oi  Miyierd 
Industry.  It  is  interesting  to  note  in  Mineral  Industry^  vol.  ix.,  p.  639 
(1900),  the  following  statement :  "  Owing  to  lack  of  capital  and  facili- 
ties of  transportation  the  industry  is  but  little  developed,  and  it  is 
stated  on  good  authority  that  the  production  could  be  easily  doubled 
under  more  favorable  conditions."  Reference  to  Fig.  1  will  show 
the  1900  production  of  Bolivia  was  nearly  doubled  in  1906  and  nearly 
trebled  in  1911. 

Climate.^ — Several  distinct  types  of  climate  exist  in  Bolivia,  depend- 
ing largely  upon  altitude,  though  influenced  to  some  extent  by  lati- 
tude. For  the  convenience  of  those  unfamiliar  with  Bolivian  condi- 
tions, the  following  table  ^  is  reproduced,  which  shows  the  several  zones 
recognized  in  Bolivia : 


Zones. 


Altitude. 
Feet. 


Snow  Zone 16,404 

PunaBrava 15,706 

Puna ll,8o7 

Cabecera  de  Valle 10,0<8 

VaUe 8,102 

Yungas 5,538 


Mean 
Tempera- 
ture F.  o 


34.4 
43.5 
53.8 
59.4 
64.2 
69.8 


Latitude 
(South). 


Tempera- 
ture. 
F.  = 


10 
15 
20 
25 


90.82 
86.04 
81.61 

76.82 


Rainfall. 
Inches. 


31.50 
3(».79 
8(L08 

29.87 


As  all  of  the  tin  properties  are  in  the  Puna  or  Puna  Brava  zones, 
we  are  concerned  principally  with  the  conditions  in  the  higher  regions. 
Two  principal  seasons  are  conspicuous  there  :  the  rainy  season, whi<h 
lasts  from  November  until  March,  and  the  dry  season,  from  April  to 
October.  These  two  seasons  are  not  marked  by  any  considerable 
change  in  temperature.  Frequent  rains  also  occur  throughout  the 
so-called  dry  season.  In  the  higher  regions  of  the  Puna  Brava  no 
rain  falls,  the  precipitation  being  in  the  form  of  hail  or  snow. 

In  general,  it  may  be  said  that  the  climate  of  the  Puna  regions  of 
Bolivia  is  good,  while  that  of  the  Puna  Brava  zone  is  almost  unen- 
durable. Frequent  wind  storms  and  the  terrific  electrical  storms  that 
center  about  the  higher  mountain  peaks  of  the  Andes  are  exceedingly 
objectionable.  The  rare  atmosphere  extant  at  these  higher  altitudes 
is  a  serious  hindrance  to  personal  comfort  and  detracts  materially 
from  the  efficiency  of  all  operations. 

^  For  a  more  complete  account  of  the  climatology  of  Bolivia,  readers  are  referred  to  a 
publication  of  the  International  Bureau  of  American  Republics,  Bolivia,  pp.  '2V>  to  2(> 
(Washington,  D.  C,  1904). 

•  Sin6pBi9  Eatadistica  y  Geogrdfica  de  la  BepvbHca  de  Bolivia  (La  Paz,  iyOt3). 
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Vegetation. — The  Puna  and  Puna  Brava  zones  are  barren  of  a  nat- 
ural growth  of  trees  and  only  small  shrubs  are  present.  Artificially 
planted  eucalyptus  trees  flourish  at  altitudes  of  12,000  ft.  Because 
of  their  rapid  growth,  these  trees  would  prove  a  salvation  for  future 
generations  if  planted  in  large  numbers.  Certain  people  have  advo- 
cated the  commercial  possibilities  of  planting  large  groves  of  euca- 
lyptus, to  be  cut  when  grown  and  used  for  railroad  ties.  Yareta 
(usually  called  a  fungus),  a  resinous  umbelliferous  plant,  forms  one 
of  the  sources  of  fuel  supply.  The  growth  of  this  plant  is  slow, 
however,  and  as  the  consumption  for  use  as  fuel  is  high  the  supply 
is  being  rapidly  depleted. 

Water. — Properties  situated  near  the  snow  line  are  peculiarly 
favored  in  one  respect  at  least — they  have  an  abundant  supply  of 
water.  In  general,  water  is  scarce  in  the  Puna  regions  of  Bolivia* 
Xevertheless  there  are  many  running  streams  in  Bolivia,  and  these 
afford  ample  water  for  concentration  works  as  well  as  power  for 
hydro-electric  installations.  Although  water  is  not  always  conven- 
iently near  the  tin  properties,  this  is  not  by  any  means  an  insur- 
mountable difficulty,  for  concentration  works  are  built  on  the  banks 
of  the  streams,  or  water  is  piped  to  the  plants.  Electricity  is  carried 
by  high-power  transmission  lines  from  the  source  of  supply  and 
doubtless  will  play  a  much  more  important  part  in  mining  operations 
in  Bolivia  in  the  future  than  it  has  in  the  past. 

TransporteUion. — The  Departments  of  Oruro,  Potosi,  La  Paz,  and 
Cochabamba  are  traversed  in  places  by  railroad  lines  and  the  comple- 
tion of  railroads  now  building  will  greatly  facilitate  freight  shipments. 
A  few  of  the  producers  are  well  situated  as  regards  transportation 
facilities,  but  the  majority  of  the  deposits  are  some  distance  from  rail- 
road shipping  points,  and  the  tin  ore,  in  the  form  of  barilla,  has  to  be 
packed  from  these  properties  by  llamas  or  mules  to  the  nearest  rail- 
road point.  These  deposits  are  located  in  the  outlying  districts  from 
0  to  60  miles  or  more  from  any  kind  of  a  settlement.  They  repre- 
sent, however,  localities  which  are  practically  virgin,  and  are  frequently 
the  only  mining  locations  within  the  immediate  district.  Tin  ore 
from  Potosi  is  smelted  in  water-jacketed  furnaces  and  the  impure  tin 
resulting  is  exported  in  bars.  This  procedure  saves  freight,  but 
yields  a  very  impure  product. 

Freight  rates  on  railroads  in  Bolivia  are  invariably  high  and  are  a 
serious  drawback  to  greater  profits  resulting  from  mining  operations. 
The  completion  of  the  new  Arica  d  La  Paz  railroad  may  at  least  have 
the  effect  of  reducing  terminal  rates. 

Without  rail  connection  or  wagon  roads  all  material  has  to  be 
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transported  on  Hamas  or  mules,  and  the  operators  located  in  out  of 
the  way  places  use  this  means  for  transportation  of  materials.  Llamas 
will  carry  about  75  lb.  and  mules  will  carry  from  200  to  300  lb.  The 
former  cost  $5  and  the  latter  from  $30  to  $50,  and  the  upkeep  of  the 
mules  costs  much  more  than  for  the  llamas.  During  very  dry 
weather  this  method  of  transportation  is  seriously  interfered  with. 

Power, — Steam,  generated  by  burning  taquia,  yareta,  coal,  or  oil, 
is  used  for  power  in  some  of  the  plants.  Because  of  the  scarcity  of 
fuel  and  consequently  its  high  cost,  various  other  means  of  generating 
power  have  been  attempted.  Anthracite  gas-producer  engines  have 
been  introduced  and  these  have  proved  economical.  According  to 
J.  B.  Minchin,*^  the  working  cost  of  these  engines  is  about  4c.  per 
horse-power  hour.  Pelton  water  wheels  and  petroleum  motors  are 
also  used.  Electricity  has  been  generated  by  gas  engines  and  hydro- 
electric installations,  this  latter  method  of  generating  power  being  the 
real  future  for  mining  and  milling  operations  in  Bolivia.  A  success- 
ful electric  furnace  for  smelting  tin  ores  on  the  ground  is  not  im- 
probable, and  the  near  future  may  see  a  revolution  in  the  manner  of 
handling  the  tin  product  of  Bolivia. 

Fuel. — The  scarcity  of  fuel  forms  one  of  the  chief  difficulties  in 
Bolivian  mining.  Australian  coal  costs  about  $12.50  per  ton  at 
coast  points.  However,  railroad  freight  rates  from  the  ports  to  the 
interior  are  exorbitant  and  have  the  effect  of  raising  the  cost  of  coal 
by  from  $20  to  $30  per  ton  by  the  time  it  reaches  Bolivian  railroad 
points.  This  makes  the  use  of  coal  as  a  means  for  generating  power 
almost  prohibitive.  Yareta,  a  resinous  plant,  and  taquia  (llama 
dung)  are  both  used  for  fuel.  The  former  costs  about  $5  per  metric 
ton  and  contains  one-third  the  calorific  power  of  coal.  Taquia  costs 
about  $5  per  ton  and  contains  one-sixth  the  calorific  power  of  coal. 

If  the  coals  reported  in  the  vicinity  of  Lake  Titicaca  develop  into 
commercial  deposits  this  local  supply  will  greatly  ameliorate  the 
trouble  arising  from  the  present  scarcity  of  fuel.  The  Peruvian  oil 
fields  represent  a  nearby  source  of  supply  of  oil  fuels.  At  La  Fundi- 
cion,  the  smelter  site  of  the  Cerro  de  Pasco  mines,  located  at  an 
elevation  of  14,100  ft.,  oil  is  used  for  fuel  under  the  majority  of  the 
boilers,  and  it  has  there  been  found  to  be  generally  more  efficient 
than  coal.  It  is  to  be  remembered  that  the  efficiency  of  any  power 
requiring  oxygen  in  its  generation  should  be  figured  about  3  per 
cent,  less  for  every  rise  of  1,000  ft.  above  sea  level. 

Labor, — Native  Indian  labor  of  both  sexes  is  used  in  the  mines  and 


*^  Tin  Mining  in  Bolivia,  Engineering  and  Mining  Jonmal,  vol.  Ixzzi ,  No.  17,  p.  810 
(Apr.  28,  1906). 
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in  the  mills  in  Bolivia,  with  superintendents  usually  from  the  country 
whose  citizens  control  the  property.  The  wage  scale  varies  from  40c. 
to  $2.40  per  day  for  Indian  labor,  the  average  probably  being  about 
?1  per  day.  The  Indians  are  natural  born  miners  and  if  the  feast 
days  were  not  of  such  frequent  occurrence  these  laborers  would 
prove  very  satisfactory.  There  is  a  scarcity  of  labor,  this  fact  possibly 
accounting  for  the  presence  of  many  Indian  women  in  the  mines  and 
mills  of  Bolivia.  Mark  R.  Lamb  "  points  out  the  necessity  of  care  of 
future  generations  of  Bolivian  Indians,  predicting  that  without  this 
care  the  mines  will  have  no  native  laborers  within  a  few  years. 

Mining  and  Metallurgy. 

In  general,  the  natural  climatic  conditions  and  high  elevations  that 
prevail  in  the  Bolivian  tin-mining  districts  do  not  tend  to  facilitate 
mining.  The  efficiency  of  human  labor  is  reduced,  as  is  also  the 
efficiency  of  any  power  requiring  oxygen  in  its  generation.  New 
mines  do  not  appear  to  be  sought  and  consequently  are  not  found, 
regardless  of  the  fact  that  the  tin-mining  country  is  barren  of  vegeta- 
tion and  consequently  easy  to  prospect  below  the  snow  line. 

Mining  methods  are  almost  universally  crude,  but  few  exceptions 
to  this  generalization  existing  in  Bolivia.  Up-to-date  practice  is 
almost  unknown  and  the  present  efficiency  of  mining  in  Bolivian  tin 
properties  is  consequently  far  from  its  possible  maximum.  By  the 
installation  of  modern  mining  methods,  the  production  and  profits  of 
many  of  the  properties  could  be  greatly  increased  and  important 
mines  developed  from  present  day  prospects.  As  an  example  of  this 
the  following  statement  may  be  of  interest :  ^^ 

[A  mine  in  Oruio  district] — ''run  at  less  than  half  capacity  making  £12,000  a  year  as 
profit  where  £100,000  might  be  made  with  modern  methods  and  a  capital  expenditure  of 
only  £4,000." 

Milling  of  Bolivian  tin  ore  is  more  modernized  than  the  mining 
methods  there  extant,  and  several  complete  up-to-date  concentrating 
plants  have  been  established  at  the  more  progressive  properties.*'  In 
ireneral,  however,  the  tin  ores  are  concentrated  by  hand,  which  con- 
sists of  crushing  by  quimbahies  (rocking  stones),  and  washing  in 
inosj^bottomed  launders.  Some  of  the  more  pretentious  hand  con- 
centrating plants  are  equipped  with  quirnbaleies,  hand  jigs,  screens  for 

"  Bolivian  Tin  Mining,  Engineering  and  Mining  Journal^  vol.  xciv.,  No.  26,  p.  273 
<  Aug.  10,  1912). 

'*  Present  PosiHon  of  Bolivian  Tin  Mines  (extract  from  Mining  Journal)  Mining  Worlds 
vol.  XXX.,  No.  18,  p.  8-29  (May  1,  1909). 

''  For  a  description  and  flow  sheet  of  one  of  these  the  reader  is  referred  to  the  Mining 
MfujaziM,  voL  vi.,  No.  3,  p.  208  (London,  Mar.,  1912). 
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sizing,  bubleSj  baieaSj  and  canals.  The  hand  concentrated  tin  ores  are 
washed  and  rewashed  until  a  55  to  60  per  cent,  tin  product  is 
obtained. 

At  Potosi  water-jacketed  furnaces  smelt  the  tin  concentrates,  a 
product  containing  many  impurities  resulting. 

Generalizations  regarding  working  costs  are  of  little  value  and 
specific  costs  at  one  property  are  apt  to  be  quite  at  variance  with 
those  at  another.  Nevertheless,  the  following  fragmentary  data  on 
costs  are  given  with  the  hope  that  they  may  prove  somewhat  service- 
able. Assuredly  some  of  the  data  will  show  comparative  costs  of 
production,  and  the  probable  profits  resulting  from  operations  under 
existing  conditions.  The  total  costs  of  mining,  milling,  freight,  com- 
missions, etc.,  are  given  by  different  operators  as  ranging  from  14  c. 
to  38  c.  per  pound  on  European  markets.  Naturally  so  many  diverse 
factors  enter  into  the  computation  of  costs  at  different  location.^  that 
there  result  wide  differences  in  total  costs,  and  consequently  in  profits. 
One  small  company  producing  40.57  tons  of  barilla  per  month  from 
ore  averaging  3  per  cent,  of  tin  reported  a  working  cost  at  the  mine 
of  17  c.  per  pound.  Another  company  on  a  production  of  2,000  ton& 
showed  a  working  cost  at  the  mine  of  7.5  c.  per  pound,  on  ore,  four- 
fifths  of  which  averaged  69  per  cent,  of  tin.^*  Transportation  by 
llamas  is  estimated^*  to  cost  81  c.  per  ton-mile.  J.  B.  Minchin'* 
states  the  cost  of  transportation  by  llamas  and  donkeys  at  ^1.25  per 
ton-mile.  Wire  rope  tramways  installed  at  several  properties  have 
reduced  the  cost  of  carrying  ores  to  12  c.  per  ton-mile.  The  fuel 
problem  has  already  been  discussed.  At  present  the  most  effective 
power  generator  seems  to  be  the  gas-producer  engine.  An  80-h.p- 
engine  generates  from  50  to  55  h.p.  at  12,300  ft.  above  sea  level  and 
the  consumption  of  anthracite  is  stated  to  be  1.54  Ib.*^  per  horse- 
power hour.^^  It  is  to  be  remembered  that  gas-producer  engines  are 
working  very  successfully  on  the  poorest  grade  of  coals.  Conse- 
quently, if  a  local  supply  of  coal  could  be  obtained,  no  matter  how 
poor  in  quality,  it  could  be  utilized  in  gas-producer  engines  to 
generate  power.     This  would  mean  a  large  saving  on  the  high  co:^t 


"  E;c tract,  British  Consular  Report,  Engineering  and  Mining  Journal y  vol.  Ixzxyiii.,  No. 
26,  p.  1284  (Dec.  25,  1909). 

^*  Present  position  of  BoliTian  Tin  Mines  (extract  from  Mining  Journal) ^  Mining  World, 
vol.  XXX.,  No.  18,  p.  829  (May  1,  1909). 

**  Notes  on  Tin  Mining  in  Bolivia.  Engineering  and  Mining  Journal ,  vol.  Ixxv.,  No.  1. 
p.  31  (Jan.  3,  190.S). 

"  Loc,  cit. 

*®  With  coal  at  $40  jier  ton  this  would  make  the  cost  of  the  coal  alone  3  c.  per  horse- 
power hour. 
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of  imported  anthracite.  It  is  thought,  as  already  stated,  that  elec- 
trical power  represents  the  logical  future  power  for  Bolivian  mining 
enterprises.  Native  labor  is  paid  from  40  c.  to  $2.40  per  day, 
although  much  of  the  work  is  done  by  contract  and  has  been  found 
to  be  productive  of  larger  results. 
The  following  detailed  cost  sheets  may  be  of  interest.*' 

1.  Mine  with  Hydraulic  Motive  Power. 

Cost  Per  Ton. 
Bolivianos. 

Mining 8.60 

ConTeying  from  mines  to  mill 0.12 

Salaries  of  chief  miner  and  assistants 1.00 

Mine  material,  dynamite,  etc 2.55 

Total  mining 12.27 

S)rting,  band  picking  and  handling 1.23 

Milling 0.96 

Weighmg,  drying,  bagging,  etc 0.20 

^Uterial  and  repairs 1.44 

AsBajing 0.04 

Millman  and  assistants 1.24 

Total  milling 5.10 

^lanager,  assistant,  office,  etc 0.78 

Mine  taxes 0.14 

Total  general  expense 0.92 

Total  cost 18.29 

18.29  Bolivianos  equal  $7.12  U.  S.  currency. 

2.  Mine  tcith  no  Hydraulic  Power.     Fuel,  Kerosene  or  Taquia. 

Coat  Per  Ton. 
.  Bolivianos. 

Mining 4.13 

Materials,  steel,  dynamite,  etc ? 1.26 

Availing,  fiUing 1.60 

Total  mining 6.99 

Fuel 1.00 

Milling 2.46 

Drying  barilla,  bagging,  etc 0.80 

Materials,  repairs,  etc 0.50 

Assaying 0.10 

Total  milling 4.86 

Carpenter,  mason,  blacksmith,  foreman 1.20 

Accountant,  storekeeper 0.40 

Koad  repairing,  legal  services. 0.30 

VarioQs  incidentals 0.40 

Total  general  expense 2.30 

Manager  and  assistant 1.60 

Chief  miner 0.25 

Various 0.15 

Total  administration 2.00 

Totolcost 16.15 

16.15  bolivianos  equal  $6.29  U.  S.  currency. 
Freight,  duties,  commissions,  and  insurance  on  concentrates  from  mine 

No.  1  to  Enrope $88.22 

Freight,  duties,  commissions,  and  insurance  on  concentrates  from  mine 
No.  2to  Europe $70.20 

'^  These  costs  sheets  are  reproduced  from  an  article  by  Miltiades  Armas.  Mining  and 
Milling  in  Bolivia,  Enffineering  and  Mining  Journal^  vol.  xcii..  No.  9,  p.  413  (Aug.  26, 

1911 '. 
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Geology.^^ 

So  much  has  been  written  about  the  geology  of  Bolivian  tin  deposits 
that  a  repetition  seems  needless  in  a  paper  of  this  sort.  Suffice  to 
say  that  the  tin  deposits  occur  in  five  distinct  types,  which  are,  in  the 
order  of  their  commercial  importance,  as  follows :  1.  Deposits  wholly 
within  granular  intrusive  rocks,  quartz-porphyry  being  the  most  con- 
spicious.  2.  Deposits  cutting  both  granular  intrusive  rocks  of  type  1 
and  metamorphic  sedimentary  rocks  of  type  8.  8.  Deposits  wholly 
within  metamorphic  sedimentary  rocks,  such  as  shales,  slates,  various 
schists,  quartzites,  etc.  4.  Pegmatitic  tin  veins.  5.  Stream  tin 
placers. 

The  granular  intrusive  rocks  of  the  quartz-porphyry  type  are 
believed  to  be  of  Mesozoic  age.  This  quartz-porphyry,  so  conspicu- 
ous in  many  of  the  deposits  in  Bolivia,  may  represent  a  differentiation 
phase  of  granitic  magmas.  I  am  inclined  to  think  that  the  andesites 
and  trachytes  referred  to  by  Stelzner"  have  no  genetic  connection 
with  the  tin  deposits  of  Bolivia,  my  views  on  this  subject  substantiat- 
ing conclusions  reached  by  Rumbold.  (See  reference  to  Rumbold, 
Economic  Geology^  Vol.  4,  1909.) 

The  metamorphic  sedimentary  shales,  schists,  quartzites,  etc.,  are 
thought  to  be  of  middle  Palteozoic  age.  Several  writers  have  classed 
these  rocks  as  Silurian,  while  others  have  termed  them  Devonian. 
Probably  more  detailed  investigations  will  show  several  divisions  of 
the  Palaeozoic  represented^  by  the  metamorphic  sedimentary  series. 

Ore  Deposits. 

In  general,  the  deposits  of  tin  ore  in  Bolivia  occur  in  quartz  veins 
in  granular  intrusive  rocks  which  have  invaded  the  metamorphic 
series  of  shales,  quartz,  mica  and  other  schists,  quartzites,  limestones, 
dolomites,  etc.  In  places  the  metamorphic  series  also  contain  miner- 
alized veins  where  contiguous  to  granular  intrusive  masses.  The 
mineralization  in  the  latter  class  of  deposits  has  been  found  to  be 
disseminated,  spreading  out  over  a  larger  area  of  rocks  and  occupying 
small  cracks,  joints,  and  fissures  in  the  metamorphic  rock.  This  is 
particularly  true  of  the  type  of  deposit  which  occurs  in  both  intrusive 
rock  and  metamorphic  sedimentaries,  the  mineralization  becoming 

^  For  a  more  complete  description  of  the  geology  and  ore  deposits  of  Bolivian  tin  prop- 
ertieSi  readers  are  referred  to  the  Origin  of  Bolivian  Tin  Deposits,  bj  W.  S.  Rumbold, 
Economic  Geoiogj/f  vol.  iv.,  No.  4,  p.  821  (June-July,  1909)  ;  and  Genesis  of  Bolivian  Tin 
Deposits,  by  Miltiades  Armas,  Engitieering  and  Mining  Journal ^  voL  zcii.,  No.  7,  p.  311 
(Aug.  12,  1911). 

'^  Zinnerzlagerstatten  von  Bolivia.  Digest,  Mineralogical  Magaxine  and  Journal  of  the 
Minercdogical  Society ^  London,  vol.  x..  No.  47,  p.  261  (Nov.,  1893). 
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j?cattered  as  the  deposit  is  worked  out  of  the  boundaries  of  the  gran- 
ular intrusive.  While  I  did  not  examine  any  pegmatitic  tin  deposits 
in  Bolivia,  specimens  shown  me  from  deposits  which  I  wan  invited  to 
investigate  left  little  doubt  of  the  pegmatitic  nature  of  the  tin  veins. 
Tin  placer  deposits  are  not  being  extensively  worked  in  Bolivia  and  I 
did  not  examine  any,  although  several  were  brought  to  my  attention. 
As  transportation  facilities  increase  and  the  richer  lode  mines  become 
exhausted,  attention  will  doubtless  be  directed  toward  working  placers 
known  to  exist  in  Bolivian  tin  fields.** 

In  width  the  lodes  vary  from  a  few  inches  up  to  several  feet,  the 
average  being  from  2  to  5  ft.  wide.  The  length  of  the  deposits  along 
the  strike  of  the  veins  varies  considerablv,  some  veins  beino:  traceable 
over  several  thousand  feet  while  others  appear  to  extend  only  a  few 
hundred  feet.  The  general  idea  that  Bolivian  tin  deposits  are  super- 
ficial is  erroneous,  for  veins  have  been  proved  to  be  commercially 
mineralized  by  tin  ores  to  a  depth  of  over  1,500  ft.  below  the  apex. 
One  ore  shoot  seen  by  me  had  been  proved  to  a  depth  of  900  ft.,  to 
have  a  length  along  the  strike  of  860  ft.,  and  to  have  an  average 
width  of  6  ft.  of  15  per  cent,  tin  ore.  From  several  places  in  this  ore 
shoot  60  per  cent,  tin  ore  was  mined.  These  values  are  exceedingly 
above  the  average,  however,  the  general  run  of  mine  ore  in  the  tin 
properties  in  Bolivia  being  between  8  and  8  per  cent.  Armas  ^^  has 
stated  that  the  average  for  all  of  the  producing  tin  mines  in  Bolivia 
is  3  per  cent. 

In  the  lode  mines,  cassiterite  forms  the  chief  ore  mineral.  This  is 
associated  in  places  with  highly  argentiferous  tetrahedrite,  pyrite, 
chalcopyrite,  and  small  quantities  of  the  sulphides  of  tin,  lead,  zinc, 
antimony,  molybdenum,  and  bismuth.  Wolframite  is  also  associated 
with  the. tin  ores  in  places.  In  general,  the  silver  values  are  associ- 
ated with  tetrahedrite,  which  seems  to  form  a  more  conspicuous  part 
of  the  vein  filling  when  pyrite^is  present.  The  chief  gangue  mineral 
is  quartz.  With  this  is  associated  tourmaline,  siderite,  and  brecciated 
country  rock  recemented  by  siliceous  solutions.  Fluorite  has  been 
reported  "  as  occurring  in  some  of  the  tin  veins.  Limonite  is  a  con- 
spicuous feature  of  the  upper  portions  of  the  veins. 

"  For  a  brief  description  of  a  tin  placer  deposit  near  Chorolquei  readers  are  referred  to 
ui  article  bj  Malcolm  Roberts,  Chorolque  Tin  Mines  and  Allavial  Deposits,  Bolivia, 
Tnumctums  nf  the  Institution  of  Mining  and  Metallurgy,  vol.  ix.,  pp.  372  to  375,  vol.  9, 
London  (1900-1901). 

*  Armas,  Miltiades,  "Mining  and  Milling  in  Bolivia,'*  Engineering  and  Mining  Jour- 
Mi,  yrol  xcii.,  No.  9,  p.  412  (Aug.  26,  1911). 

^  Spencer,  J.  L.,  A  description  of  the  mineral  specimens  brought  from  Bolivia  by  Sir 
W.  liartb  Gonwaj.  See  Conway,  Sir  W.  Martin,  Climbing  and  Exploraiion  in  the  Bolivian. 
•^«in,  p.  345  (Harper  and  Brothers,  New  York  and  London,  1901). 
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Bolivian  lode  deposits  are  believed  to  be  the  result  of  the  after 
effects  of  igneous  intrusion.  The  invariable  association  of  granular 
intrusive  rocks  (of  which  quartz-porphyry  is  by  far  the  most  common) 
with  or  contiguous  to  the  lodes,  combined  with  the  mineral  associa- 
tions in  the  veins,  justifies  the  conclusion  that  the  intrusive  magmas 
and  solutions  accompanying  or  following  the  intrusions  represent 
the  source  of  the  tin  deposits,  which  were  undoubtedly  formed 
under  great  heat  and  pressure. 

Future  of  the  Bolivian  Tin  Situation. 

Tin  deposits  are  proved  in  Bolivia,  and  many  mines  doubtless  await 
discovery.  The  principal  difficulties  which  hinder  developments  are 
lack  of  adequate  transportation  facilities,  lack  of  fuel,  lack  of  sufficient 
labor,  and  more  than  all  of  thepe  combined,  the  tremendous  price  at 
which  productive  properties  are  held.  This  last  difficulty  may  be 
obviated  by  acquiring  mere  prospects,  or  investigating  new  ground 
only,  which  procedure  has  not  been  followed  up  to  the  present  time. 
These  difficulties,  however,  have  not  kept  the  production  of  the 
country  from  increasing  from  2,000  tons  in  1897  to  over  23,000 
tons  in  1911.  The  Bolivian  tin  industry  is  still  in  its  infancy,  and 
offers  large  rewards  ^  to  those  who   are  shrewd  enough  to  see  its 

^  D.  H.  Bradley,  Jr.,  in  an  article  entitled  Mining  in  Bolivia,  published  in  the  Mining 
Magazine^  vol.  xi.,  No.  1  (New  York,  Jan.,  1905),  expresses  the  belief  that  Bolivian  mines 
offer  opportunities  for  investments  paying  25  per  cent,  premiums  within  three  or  four 
years. 

Mark  R.  Lamb,  in  an  article  entitled  Bolivian  Tin  Mining,  published  in  the  Engineering 
and  Mining  Joumd,  vol.  xciv.,  No.  6,  p,  271  (Aug.  10,  1912),  says  that  "A  prospecting 
•expedition  would  stand  an  excellent  chance  of  success  if  properly  equipped.  .  .  .  The  op- 
portunities for  capital  are  numerous  because  there  is  little  capital  in  the  country." 

Maurice  Frochot,  in  L'^tain  en  Bolivie,  Annales  des  Mines,  9th  ser.,  vol.  zix.,  p.  186 
(1901),  asserts  that  ^*  Tin  veins  close  at  hand  are  still  untouched." 

G.  Preumont,  writing  on  The  Bolivian  Tin  Mining  Industries  and  Railways,  London 
Mining  Journal,  vol.  Ixxxiii.  U908),  remarks,  "  Most  of  the  mines  are  comparatively  yet  in 
virgin  ground.'*  • 

John  Penberthy,  of  Redruth,  Ck)mwall,  is  reported  as  having  said  to  a  correspondent  of 
the  London  Mining  Journal  in  1906  :  *  *  In  time,  however,  the  Bolivian  output  will  become 
a  very  serious  consideration,  if  not  a  preponderating  factor  in  the  world's  supply.  That 
time  will  come  when  railway  facilities  from  the  mines  to  both  the  Atlantic  and  Pacific  sea- 
boards make  mining  not  only  of  high  grade,  but  of  the  immense  low  grade  deposits,  at 
present  untouched,  a  payable  proposition." 

An  editorial  in  the  Engineering  and  Mining  Journal,  Nov.  26,  1898,  says  :  ^'  Certainly  it 
appears  somewhat  astonishing  that  America,  after  establishing  a  flourishing  tin-plate  indus- 
try, does  not  look  for  the  raw  material  to  its  original  sources." 

W.  R.  Rumbold  concludes  his  account  of  The  Origin  of  Bolivian  Tin  Deposits,  already 
referred  to,  with  the  following  statement:  '*  We  all  hope  that  the  proposed  new  railway 
system  now  under  construction  by  an  American  company  will  cheapen  the  cost  of  produc- 
tion, that  the  present  mine  owners  will  reduce  their  prices,  and  that  foreign  capital,  mod- 
ern machinery,  and  up-to-date  managers  will  make  what  the  writer  [W.  R.  Rumbold] 
believes  to  be  the  richest  mineral  country  in  the  world  what  it  ought  to  be.'' 
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pofisibilities  and  who  successfully  overcome  the  difficulties  conse- 
quent to  mining  in  Bolivia,  where  I  believe  the  tin  situation  deserves 
tbe  attention  of  American  mining  men  and  capitalists. 

Literature. 

For  an  extensive  bibliography  of  the  "  Geology  and  Mineralogy  of 
Tin,'*  the  readers  are  referred  to  the  recent  publication  of  that  name 
prepared  by  Frank  L.  Hess  and  Eva  Hess  and  issued  by  the  Smith- 
sonian Institution  of  Washington,  D.  C.  In  this  volume  are  over 
1,700  references  to  publications  on  tin,  of  which  about  80  deal  with 
«ome  phase  of  tin  in  Bolivia.  This  publication,  No.  1987  of  the 
Smithsonian  issues,  will  prove  of  immense  value  to  any  one  interested 
in  the  literature  of  tin. 

Attention  is  invited  to  the  following  publications  on  tin  in  Bolivia, 
some  of  these  appearing  in  the  bibliography  alcove  mentioned,  which 
is  somewhat  amplified,  containing  brief  mention  of  the  contents  of 
the  publications  listed. 

1.  Minchixii  J.  B. :  Tin  Mines  of  Bolivia,  Engineering  and  Mining  Jawmalf  vol.  li.,  No. 
20,  p.  586  (May  16,  1891). 

2.  Minchin,  J.  B. :   The  Mineral  Besources  of  Bolivia,  Engineering,  vol.  11.,  p.  453 
(Apr.  17, 1891). 

3.  Stelsner,  A.  W. :  Zinnenlagerstatten  von  Bolivia,  Zeitachrift  derdeuischen  geologiaehen 
OtxlUehcfl,  vol.  xliv.,  p.  531  (1892). 

4.  Frochoti  Maarioe :  L'^lain  en  Bolivie,  Annalea  des  Mines,  vol.  ziz.  (1901). 

0.  Bambold,  W.  R. :  Origin  of  the  Bolivian  Tin  Deposits,  Economic  Qeology,  vol.  iv., 
Xo.4,  pp.  321  to  364  (Jane-July,  1909). 
ft.  Blanoo^  Pedro  Anioeto  :  Monografia  de  la  Industria  Minera  en  Bolivia,  La  P^  (1910). 

7.  Armas,  Miltiades :  Mining  and  Milling  in  Bolivia,  Engineering  and  Mining  Journal, 
Tol.  xdi,  No.  9,  p.  412  (Aug.  26,  191 1 ). 

8.  Lamb,  Mark  B. :  Bolivian  Tin  Mining,  Engineering  and  Mining  Journal,  voL  xciv., 
No.6,  p.  271  (Aug.  10,  1912). 

9.  Bancroft,  Howland :  Mining  on  the  West  Coast  of  South   America,    Mining  and 
^Saentife  Prett,  vol.  cvL,  No.  4,  pp.  175  to  176  (Jan.  25,  1913). 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Butte  meeting,  Aug.  IS  to  21, 1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible. 
then  discussion  in  writing  mar  be  nent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
Wetit  Sdth  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1913,  when 
Vol.  XLVI.  of  the  TratiMctioM  will  go  to  presfs  Any  diHous«ion  offered  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  pabllcation  in  Vol.  XLVI  I.  (with  suitable  cross  references  in  both 
Tolumes'i. 
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Introduction. 

A  LARGE  number  of  papers  and  reports  dealing  with  the  coal  fields 
of  Montana  have  been  published  X  during  the  last  30  years,  but  the 
information  is  much  scattered,  appearing  in  many  technical  and 
scientific  journals  and  in  government  reports,  in  many  cases  inacces- 
sible to  those  most  interested.  In  recent  years,  especially  since  1905, 
our  knowledge  of  the  geology  and  coal  contents  of  the  important 
fields  of  the  State  has  been  much  increased.  Fairly  specific  and 
detailed  information  is  at  hand  on  all  of  the  principal  coal-bearing 
areas.  The  fields  for  which  data  are  not  at  hand  are  small  and  in- 
accessible, and  their  omission  will  not  materially  affect  an  estimate  of 
the  coal  resources  of  the  State,  viewed  as  a  whole. 

The  paper  here  presented  is  a  summary  of  existing  information,  all 
sources  having  been  freely  utilized  in  its  preparation.  The  view- 
point adopted  is  that  of  the  geologist,  rather  than  that  of  the  engi- 
neer or  colliery  operator,  because  by  far  the  greater  portion  of  the 
coal  areas  present  have  had  only  the  most  meager  development, 
making  information  that  will  aid  in  prospecting  and  opening  the  at 
present  little  used  coal  lands  of  paramount  importance  to  those  in- 
terested in  the  coal  fields  of  the  State. 

Position  of  Montana  in  the  Western  Coal  Provinces. 

Conditions  favorable  to  the  accumulation  of  coal  existed  during 
Cretaceous  and  early  Tertiary  times  in  the  United  States  between  the 
100th  and  115th  meridians,  resulting  in  the  accumulation  of  an  ex- 
tensive series  of  coal  formations  occupying  a  large  part  of  the  region 
between  those  meridians  and  extending  from  north  to  south  entirely 
across  the  country  and  reaching  far  into  Canada  and  New  Mexico. 
The  western  half  of  this  immense  area  of  coal-bearing  formations, 
soon  after  being  deposited,  was  subject  to  the  series  of  mountain- 
building  movements  which  produced  our  present  Rocky  Mountain 
system.  Because  of  these  mountain-making  disturbances  and  subse- 
quent erosion,  the  coal  formations  originally  more  or  less  continuous 
in  this  area  were  isolated  into  a  large  number  of  detached  basins. 
The  area  occupied  by  these  basins  has  been  called  the  Rocky  Moun- 
tain coal  province. 

On  the  other  hand,  the  coal-bearing  formations  laid  down  in  the 
eastern  one-half  of  the  area  lying  between  the  100th  and  115th 
meridians  were  not  disturbed  by  the  orogenic  movements  producing 
the  Rocky  mountains  and,  where  not  covered  by  later  deposits,  are 

X  See  list  of  literature  at  end  of  paper.     Reference  numbers  in  the  text  refer  to  this  list 
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now  foand  lying  almost  horizontal  over  large  areas  in  the  northern 
Oreat  Plains  region  and  make  up  an  immense  continuous  coal-bear- 
ing area  that  has  been  called  the  Northern  Great  Plains  coal  province. 
Montana  contains  a  portion  of  each  of  these  large  coal  provinces,  the 
western  part  of  the  State,  with  numerous  isolated  coal  basins  making 
up  a  portion  of  the  Rocky  Mountain  province,  and  the  eastern  part 
of  the  State  making  up  a  large  unit  area  of  the  Northern  Great 
Plains  province.     (See  map,  PI.  I.) 

Montana's  Total  Coal  Tonnage. 

Sufficient  detailed  geologic  work  hafl  been  done  on  the  western 
coal  fields  during  the  last  six  or  eight  years  to  allow  estimates  to  be 
made  of  the  total  coal  tonnage  in  the  important  coal-bearing  States*. 
These  results  are  shown  graphically  in  Fig.  1,  the  fuels  being  classi- 
fied into  three  grades,  bituminous  coal,  sub-bituminous  coal,  and  lig- 
nite. Montana,  with  a  total  of  380  billion  short  tons  of  bituminous 
coal,  sub-bituminous  coal,  and  lignite,  ranks  third  in  total  coal  ton- 
nage, compared  with  the  other  States  in  the  West.  These  results  are 
especially  interesting  in  view  of  the  fact  that  earlier  workers,^-  *^  bas- 
ing their  estimates  on  the  probable  areas  underlain  by  coal-bearing 
formations  in  each  of  these  States,  place  Montana  first  in  a  list  of  the 
coal-bearing  States.  North  Dakota,  with  its  immense  tonnage  of 
lignite,  and  Wyoming,  with  almost  as  great  a  tonnage  of  much  higher 
grade  fuel,  each  contains  almost  double  the  Montana  tonnage,  of 
which  one-half  is  made  up  of  lignite  of  the  same  grade  as  that  found 
in  North  Dakota.  If  the  grade  of  coal  present  be  taken  into  consid- 
eration in  the  comparison  of  the  coal  resources  of  each  of  these  States, 
Montana,  with  over  one-half  of  its  tonnage  made  up  of  lignite  and 
only  a  very  small  proportion  of  the  remainder  consisting  of  true  bitu- 
minous coal,  should  certainly  rank  below  Colorado  and  Utah,  both  of 
which  contain  a  very  large  tonnage  of  bituminous  coal,  and  probably 
also  below  New  Mexico,  which  contains  twice  Montana's  tonnage  of 
bitaminous  coal  and  a  slightly  larger  tonnage  of  sub-bituminous  coal. 
(See  Fig.  1.) 

The  Coal-Bearing  Fokmations. 

General  Statement. 

The  coal-bearing  formations  of  Montana  range  in  age  from  Lower 
Cretaceous  to  mid-Tertiary,  the  oldest  coal-bearing  rocks  being  those 
of  the  Kootenai  formations,  which  contain  the  coal  horizon  being 
mined  in  the  Lewistown  and  Great  Falls  fields,  and  the  youngest 
being  the  Tertiary  lake  beds,  at  present  mined  in  the  Drumniond 
and  Missoula  fields. 


2332 


THE   COAL   FIELDS    OF   MONTANA. 


•  A     I     -  -  ^  -  -J"  1^       T''-'-"7<. 'C^V.  o .  N  •^ 


^;;v;i,;:' 


0 


p^ 
\>-"^ 


% 


■-=  & 

Jr.  **  •■  * 

^  «  £•= 

2*5^  = 
^  E  -■- 


ct 
O 


s  : 


o  = 


o  :i 

"Z  c 

c  c     - 

2  ' 


^«         A 


eS  O 
a)  C 

:S  £ 


23 


o 

c 


^ 

« 


DC 

< 
2 
< 

Z 


*ft 


2  *    - 

.  -  c     < 

3  I 


5- 


THE   COAL   FIKLD8   OF   MOKTANA. 


2333 


The  complete  sequence  of  the  coal-bearing  formations  in  this  State 
is  shown  in  the  generalized  columnar  section  of  the  Cretaceous  and 
Lower  Tertiary  rocks  presented  in  Fig.  2.  All  of  these  formations 
are  not  present  within  any  one  field  in  the  State,  but  the  superposi- 
tion of  the  various  rock  groups  is  definitely  known  because  of  the 
extensive  geologic  work  that  has  been  accomplished.     Seven  of  the 
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Fig.  1.— Montana  Tonnage  of  All  Grades  of  Coal  and   Lignite  compared  with 

THE   TOTALS    FOB    OTHER    WESTERN    STATES.       ThE    ToTALS    ARE    FOR     WORKABLE 

Coals  within  3,000  ft.  of  the  Surface. 

'  From  estimates  by  the  Fuel  Section  of  the  U.  S.  Geological  Survey,  under  the  direction 

of  M.  R.  Ounpbell.) 

ten  formations  listed  in  this  section,  beginning  with  the  Kootenai  and 
ending  with  the  Tertiary  lake  beds,  are  known  to  contain  coal  of 
commercial  value  in  some  parts  of  the  State,  but,  on  the  other  hand, 
not  one  of  these  seven  contain  workable  coal   in  every  locality  in 
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Pariod  Group    rarmarion   Section 


CobI  in  ihe  Dranunond  Mid  HiNoula  Setdi, 
and  iD  tha  otbar  areu  of  Terti«i7  LaJie 
beds  ID  the  mounuina  in  the  west  half  of 
the  St«l«  ocean  at  this  horiion. 


Coals  of  Ihe  Ked  Lodse,  Bull  Mountsiii  ind 
Big  Sandj  fields  lod  neari;  all  of  the  coab 
in  the  Easlem  Plains  region,  occur  in 
this  formation. 


A  few  thin  and  usnallj  dirty  coal  bedsoccar 
at  (bis  horizon  in  tha  Boll  Mountain  field 
and  in  the  Eastern  Plaina  Kgion. 

Coal  of  the  Blackfoot  field,  Teton  countj, 
occurs  at  this  horiion. 


Horizon  of  the  coals  of  the  Milk  Riverfielil. 


Horiion  of  the  coal  in  the  Bridger  fivid,  thp 
Valier  6eld  and  the  approiintate  poaitioa 
of  the  coals  mined  in  the  Electric  and 
Trail  Creek  fields. 


Fia.  2.— -Oeiiebai.izedCoi.dnnar  Section  oftheCbetaceoce  andTertiabt  Foriu- 
T10N9  IK  Montana,  srowino  the  STiiATKiBAPHtc  Positions  of  thk  CoAt 
Horizons  in  the  Various  Coal  Fields. 
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which  it  is  found.     This  uncertainty  in  the  continuity  of  workable 
eoal  horizons  is  generally  characteristic  of  a  coal-bearing  formation. 

The  formations  that  are  not  coal-bearing  are  the  Colorado  shale^ 
the  Claggett  formation,  and  the  Bearpaw  shale,  each  of  which  is  a 
dark  gray  marine  shale,  very  similar  lithologically.  They  are  mainly 
of  a  marine  character,  this  being  proved  by  the  abundance  of  ammon- 
itee,  bacalites,  and  other  marine  invertebrate  fossils  found  in  them* 
These  marine  shales  mark  three  separate  stages,  separated  by  inter- 
vals in  which  the  Eagle  sandstone  and  Judith  River  formations,  each 
containing  a  few  coal  beds,  were  deposited,  during  which  all  or  a  large 
part  of  the  State  was  covered  by  the  comparatively  shallow  marine 
waters  of  the  ancient  Cretaceous  sea. 

The  principal  lithologic  characteristics  and  other  stratigraphie 
details  of  the  various  coal-bearing  formations,  beginning  with  the 
oldest  and  crossing  upward  through  the  geologic  time  scale,  are 
snven  below. 

Kootenai  FormatioTiy^*  **  "•  **•  22, 23. 

The  S^ootenai  formation  is  exposed  in  many  parts  of  western  Mon- 
tana and  is  especially  important  in  the  Lewistown  and  Great  Fall» 
fields,  because  it  contains  the  coal  mined  in  those  areas.  Lying 
stratigraphically  below  a  considerable  thickness  of  Colorado  shale,  it 
is  readily  distinguished  as  a  formation  by  the  bright  maroon-i'olored 
shales  occurring  throughout  it  and  also  by  the  prominent  and  fre- 
quently cross-bedded  sandstones  occurring  in  the  lower  part.  The 
formation  varies  from  250  to  500  ft.  in  thickness  in  central  Montana, 
while  in  the  northwestern  part  of  the  State  it  is  probably  as  much  as 
2,000  ft,  thick.  The  typical  development  of  this  formation  in  the 
region  in  which  it  is  coal-bearing  is  illustrated  by  the  following  sec- 
tion: 

Generalized  Section  of  the  Kootenai  Bocks  in  the  Lewistoxon  Coal  Field. 

Feet. 

(1)  Shale,  maroon,  argillaceoas, 200 

(2)  Sandstone,  grayish,  coane-grained,  cross-hedded, 8 

(3)  Shale,  maioon,  argillaoeous, 60 

(4)  Sandstone,  graj,  ooane-grained,  croas-bedded, 25 

(o)    Shale,  maroon,  argillaceous, 72 

(6)  Sandstone,  weathering  wft  gray,  massive,  coarse-grained  to  pebbly,  .    .      50 

(7)  Coal  and  coaly  shale, 10 

<8)    Shale  and  sandstone  alternating  ;  the  shale  is  sandy  »nd  the  sandstone 

thinly  bedded, 87 

The  Lower  Cretaceous  age  of  the  group  of  rocks  making  up  this 
formation  has  been  definitely  determined  by  means  of  the  abundant 
and  well-preserved  fossil-plants  occurring  throughout  the  strata,  which 
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made  it  possible  to  correlate  them  with  the  Kootenai  formation,  a:> 
originally  described  by  Dawson  in  xA.lberta.  The  rocks  are  all  either 
of  terrestrial  or  fresh-water  origin,  as  is  indicated  both  by  the  flora  and 
bv  the  few  invertebrate  fossils  found. 

Wherever  the  Kootenai  formation  contains  workable  coal  in  Mon- 
tana the  coal  is  found  in  a  single  bed  occurring  at  one  horizon  lying 
between  60  and  90  ft.  above  the  base  of  the  formation.  Immediately 
above  this  coal  horizon  there  is  generally  found  a  massive,  coarse- 
grained to  pebbly  sandstone,  which,  where  the  formation  dips  to  an 
appreciable  degree,  weathers  out  as  a  prominent  strike  ledge,  thu^ 
affording  an  excellent  horizon  marker  to  one  prospecting  for  the  coaJ. 

Eagle  Sandstone,^*  7. 25. 42. 44- 

The  coal  in  the  Bridger  field,  in  Carbon  county,  and  that  iu  the 
firaall  area  designated  as  the  Valier  field,  in  Teton  county,  occur  iu 
the  Eagle  sandstone.  In  the  Electric  and  Trail  Creek  fields  the 
various  formations  belonging  to  the  Montana  group  of  the  Upper 
Cretaceous  can  not  be  sharply  difterentiated,  but  the  coal  being  mined 
there  is  found  at  a  position  approximating  that  of  the  horizon  in  the 
upper  part  of  the  Eagle  sandstone. 

Where  it  is  typically  developed,  as  on  the  Missouri  river  near  the 
mouth  of  Eagle  creek,  where  it  forms  the  prominent  landmark  known 
as  the  "  Stone  Walls  of  the  Missouri,"  the  formation  is  characterized 
by  a  massive  gray  to  whitish  gray  sandstone.  Its  position  above  the 
dark  liluish  gray  Colorado  shale  and  the  prominence  of  its  main 
sandstone  member  make  the  formation  easily  recognizable,  although 
the  fossils  found  are  of  little  value  for  purposes  of  correlation.  In 
the  Valier  field  the  coal  in  the  Eagle  lies  at  the  top  of  the  formation 
and  is  present  in  a  single  workable  bed,  while  in  the  Bridger  fieldTt 
occurs  in  three  beds,  separated  by  massive  sandstone  members  from 
35  to  75  ft.  thick. 

The  Eagle  sandstone  has  been  recognized  at  many  other  localities 
over  a  wide  area  in  the  western  part  of  the  State,  notably  (1)  in  the 
upper  part  of  the  Musselshell  valley  north  of  the  Crazy  mountains,*^ 

(2)  in  the  lower  Musselshell  valley  north  of  the  Bull  mountains,  and 

(3)  in  Teton  county  over  an  area  extending  from  Chouteau  northward 
to  the  international  boundary,  and,  although  thin  coals  are  occasion- 
ally found  in  these  localities,  the  presence  of  coals  of  commercial 
value  is  very  doubtful. 

Judith  River  Formation,^'  2«'  ^'-' 
The  Judith  River  formation  is  coal-bearing  to  a  commercial  extent 
in  two  localities  in  Montana,  the  first  in  the  Milk  River  field  in  Chou- 
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teau  county  in  the  northern  part  of  the  State,  and  the  second  just  to 
the  south  of  the  above  area  aloqg  the  Missouri  river  in  the  vicinity 
of  the  Judith  basin.  In  its  typical  development,  the  Judith  river  is 
almost  entirely  a  fresh-water  formation.  It  overlies  the  marine  Clag- 
fi^ett  shales  conformably  and  is  composed  of  alternating  light-colored 
beds  of  sandstone  and  shale,  having  an  average  thickness  of  380  ft. 
A  few  brackish  water  beds  occur  near  the  top  of  the  formation  in  a 
transition  zone  grading  into  the  marine  shales  of  the  Bearpaw  lying 
^bove.  There  is  no  persistent  member  in  the  entire  formation  which 
<?an  be  followed  any  great  distance,  the  occasional  beds  of  massive 
sandstone  present  grading  rapidly  along  the  outcrops  into  soft  shale 
or  friable  sandstone.  In  the  same  manner  a  coal  bed  of  workable 
thickness  which  may  be  present  at  one  locality  may  pinch  out  alto- 
_gether  and  be  replaced  by  carbonaceous  shale  at  the  next  exposure 
half  a  mile  away. 

All  of  the  workable  coals  found  in  the  Judith  River  formation  occur 
within  the  upper  150  ft.  As  many  as  four  beds  have  been  found  at  a 
single  locality  at  intervals  of  from  10  to  80  ft.  apart,  but  usually  only 
one  is  found.  The  beds  are  very  lenticular  and  show  considerable 
variation  in  thickness  when  traced  on  the  outcrop.  The  Judith 
River  formation  has  been  studied  over  nearly  the  entire  length  of  the 
Musselshell  valley  in  the  central  part  of  the  State,  but  was  not  found 
to  contain  coals  of  importance  in  any  of  this  area. 

Horsethief  or  Lennep  Sandstone^^'^' 

Overlying  th^  Bearpaw  shale  wherever  the  beds  are  not  eroded 
^way,  there  is  generally  found  a  sandy  formation  more  or  less  similar 
to  the  Eagle  sandstone,  and,  like  it,  containing  a  few  thin  coals  in  its 
upper  portion  over  widely  scattered  localities.  The  most  important 
^oal  occurrence  associated  with  this  sandstone  is  in  the  Blackfoot 
iield  in  Teton  county  in  the  northern  part  of  the  State,  where  coal  is 
found  outcropping  at  intervals,  along  a  tract  about  15  miles  in  extent. 
The  formation  is  made  up  almost  entirely  of  a  massive  gray  sandstone, 
varying  from  175  to  300  ft.  in  thickness  and  containing  a  single 
non-persistent  coal  horizon  at  the  top.  This  sandstone  formation 
-also  outcrops  in  the  part  of  the  Musselshell  valley  lying  immediately 
north  of  the  Crazy  mountains,  where  it  is  known  as  the  Lennep  sand- 
.stone.     It  is  not  coal-bearing  in  this  latter  area. 

Lance  FoTmiaiion;^*^*^^^'^^^^'''^- 

The  Lance  formation  is  of   small   importance  as  a  coal-bearing 
formation  in  Montana.     It  forms  the  western  border  of  the  large 
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area  making  up  the  lignite  and  sab-bituminous  coal  region  in  the 
eastern  part  of  the  State.  A  large  part  of  this  border  is  mapped  as 
being  doubtfully  coal-bearing  because  of  the  very  uncertain  nature  of 
the  Lance  coals  contained  in  it.  The  exact  age  of  the  Lance  has  been 
in  dispute  for  many  years.  The  fossil  flora  found  in  the  rocks  indi- 
cates a  Tertiary  age  for  this  formation,  while  the  invertebrate  fauna 
is  closely  allied  to  similar  forms  found  in  the  Cretaceous.  The 
formation  consists  of  a  variable  thickness  of  lenticular  beds  of  eoft 
clays,  shales,  and  sandstones,  and  is  generally  distinguishable  from 
the  formations  lying  above  and  below  it  by  its  sombre-colored  hues^ 
in  recognition  of  which  the  formation  has  often  been  termed  '*  Sombre 
Beds."  ®  The  few  coals  contained  in  it  are  found  in  the  upper  part  of 
the  formation  and  are  thin,  lenticular,  and  generally  very  dirty. 

Fiyrt    Union  Formation,^'  2'  ''*  ^'  »•  12,  le.  s?,  39, 40. 53. 54. 

About  90  per  cent,  of  the  total  tonnage  of  lignite  and  coal  found  in 
Montana  occurs  in  the  Fort  Union  formation,  making  it  by  far  the 
most  important  of  the  rock  groups  under  consideration.  It  coptain& 
practically  all  of  the  coal  in  the  Bull  Mountain  field,  the  Red  Lodge 
field,  the  Big  Sandy  field,  Chouteau  county,  and  in  the  immense 
coal  area  in  the  Eastern  Plains  region.  The  only  known  locality 
where  rocks  occupying  this  position  in  the  stratigraphic  column  in 
Montana  do  not  contain  workable  coals  is  in  Teton  county  in  the 
northwest  part  of  the  State,  where  only  a  few  very  thin  and  scattered 
coals  occur. 

The  Fort  Union  formation  consists  of  a  variable  thickness  of 
yellowish-grayish  sands  and  sandstones,  often  in  quite  massive  beds^ 
interbedded  with  gray  clays  and  coals.  The  sands  and  sand8tone& 
predominate.  In  the  eastern  part  of  the  State  it  is  not  much  over 
1,000  ft.  in  thickness,  but  in  going  westward  toward  the  mountains  it 
thickens  until,  in  the  Red  Lodge  field,  it  is  8,500  ft.  thick.  A  very 
complete  and  well-preserved  fossil  flora  is  found  in  these  rocks,  which 
places  their  age  as  basal  Tertiary.  Leaves  from  broad-leaved  trees, 
very  similar  to  present  existing  species,  are  the  most  common  forms 
met  with. 

The  number  of  coal  beds  and  the  total  amount  of  coal  found  in  this 
formation  are  phenomenal.  In  the  Bull  Mountain  field  24  beds  were 
found  at  as  many  different  horizons  in  a  total  thickness  of  1,650  ft. 
of  strata.  The  general  habit  of  the  beds  is  lenticular,  although 
several  of  the  coals  are  notable  exceptions  to  this  rule,  and  it  ha& 
been  possible  to  trace  their  outcrop  for  many  miles.  In  the  Eastern 
Plains  region  the  coal   beds  are  equally  as  numerous  and,  on  the 
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average,  rather  thicker  than  in  the  Bull  Mountain  field.  In  Dawson 
county,  on  the  Yellowstone  river,  a  section  across  980  ft.  of  this 
formation  contains  11  lignite  beds  totaling  49  ft.  in  thickness,  giving 
a  ratio  of  1  ft.  of  lignite  for  every  20  ft.  of  rocks.  This  is  about  double 
the  amount  of  coal  per  unit  of  formation  found  in  the  eastern  coal 
ineasared,  and  justly  entitles  the  Fort  Union  to  be  termed  a  '^  coal 
age/*  as  well  as  a  Carboniferous  period  in  Palteozic  time. 

Tertiary  Lake  Beds. 

The  coals  in  tlie  Missoula  and  Drummond  fields,  and  numerous 
smaller  areas  in  the  mountains  of  western  Montana,  occur  in  the  Ter- 
tiary lake  beds,  which  are  the  youngent  coal-bearing  rocks  in  the 
State.  They  have  been  determined  to  be  approximately  Oligocene  or 
mid-Tertiary  in  age  by  means  of  the  vertebrate  fossils  contained  in 
thera  or  in  immediately  associated  rocks.  They  are  made  up  mainly 
<^f  massive  slightly  indurated  tuff  composed  in  part  of  clay,  the  pre- 
vailing colors  being  light  shades  of  cream  and  gray.  They  also  con- 
tain occasional  beds  of  fairly  pure  volcanic  ash,  and  also  impure 
fregh-water  limestones.  The  coal  found  in  these  beds  seems  to  occur 
onlv  at  horizons  near  the  base  of  the  formation. 

Distribution  of  the  Coal  Fields. 

The  widespread  distribution  of  lands  containing  coal  in  Montana  is 
strikingly  shown  by  the  map  of  the  coal  fields  of  the  State  (PI.  I.). 
Coal  fields  of  greater  or  less  size  are  found  in  every  part  of  the  State, 
so  that  there  is  no  point  in  it  that  is  more  than  75  miles  from  an  area 
containing  workable  coal.  The  largest  single  area  present  is  the  lig- 
nite and  sub-bituminous  eoal  region  in  the  eastern  part  of  the  State, 
covering  a  large  part  of  Custer,  Dawson,  and  Valley  counties,  and 
extending  entirely  across  the  State  in  a  north-south  direction,  with  a 
maximum  width  of  160  miles.  This  immense  area  is  estimated  to 
contain  365  of  the  total  880  billion  short  tons  of  coal  and  lignite  oc- 
curring in  Montana.  A  graphic  representation  of  the  tonnage  present 
in  this  region  compared  with  other  important  fields  in  the  State  is 
shown  in  the  diagram  on  Plate  I.  The  next  important  field  in  point 
of  contained  tonnage  is  the  Bull  Mountain  field,  with  the  estimated 
total  of  a  little  over  four  billion  tons  of  sub-bituminous  coal.  None 
of  the  remaining  contains  more  than  three  billion  tons  of  workable 
Coal.  Because  of  their  proximity  to  means  of  transportation,  the 
Bridger,  Red  Lodge,  and  Trail  Creek  fields,  which  are  comparatively 
onimportant  when  the  total  coal  tonnage  of  the  State  is  considered, 
have,  up  to  the  present  time,  furnished  the  greater  part  of  the  coal 
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mined  in  Montana.  The  immense  quantities  of  fuel  fouml  el>ewhere 
remain  practically  undeveloped. 

The  central  part  of  the  State,  going  from  south  to  north,  contains^ 
first,  near  the  southern  border,  a  group  of  comparatively  small  fields 
including  the  Bridger,  Red  Lodge,  Stillwater,  Trail  Creek,  Electric. 
Gallatin,  and  Lombard  fields.  Farther  north,  in  the  middle  part  of 
the  State,  lie  the  Bull  Mountain,  Lewistown,  and  Great  Falls  fields, 
all  of  which  are  much  larger  in  area  than  the  fields  lying  fartlur 
south,  while  still  farther  north  lies  the  Milk  River  field,  bordering  on 
the  international  boundary.  •  The  Big  Sandy  field,  and  an  unnamed 
area  occupying  the  region  along  the  Missouri  river,  lies  between  the 
Lewistown  and  Milk  River  fields. 

The  western  part  of  Montana,  which  lies  mainly  within  the  Rocky 
mountains,  is  dotted  with  numerous  small  isolated  coal  fields  which 
have  undergone  little  or  no  development  and  concerning  which  very 
little  detailed  information  has  been  published.  The  most  important 
group  of  these,  which  includes  the  Drummond  and  Missoula  fields, 
covers  nearly  all  of  the  southwest  corner  of  the  State,  all  of  the  coals 
present  being  found  in  the  Tertiary  lake  beds.  To  the  north  near 
the  international  boundary  are  found  the  Valier,  Blackfoot,  and  Gla- 
cier Park  fields,  besides  several  other  small  and  unimportant  areas. 

Classification  of  Montana  Coals. 
General  Statements. 

On  the  map  presented  with  this  paper  the  coals  found  in  MontHiia 
are  classified  into  three  grades,  lignite,  sub-bituminous  coal,  and 
bituminous  coal,  while  a  fourth  type  present  in  the  Gallatin  field  i?^ 
indicated  as  probably  semi-anthracite  or  semi-bituminous  coal,  the 
exact  determination  being  left  in  doubt  because  of  the  lack  of  infor- 
mation concerning  the  fuel  found  there. 

The  classification  of  bituminous  coals  and  the  coals  of  lower  than 
bituminous  grade,  which  form  by  far  the  greater  part  of  the  total 
coals  found  in  Montana,  has  always  been  a  very  difiicult  question,  for 
these  various  types  of  fuels  grade  imperceptibly  into  one  another, 
there  being  no  natural  line  of  separation  between  them.  Chemical 
analyses  alone  are  not  adequate,  for  the  diflerences  between  the  various 
grades  are  physical  as  well  as  chemical,  so  that  no  scheme  of  classifi- 
cation based  entirely  on  chemical  analyses  will  be  completely  success- 
ful. As  a  rule,  the  lower-grade  coals  contain  much  more  moisture 
than  those  of  the  bituminous  class,  but  the  moisture  content  of  indi- 
vidual samples  varies  so  irregularly  and  depends  so  much  upon  the 
condition  of  the  mine  sampling  that  it  is  not  an  entirely  safe  criterion 
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Oil  which  to  base  distinctions,  but  if  the  averages  of  a  large  number 
of  samples  from  each  type  of  coal  be  compared,  all  the  coals  being 
sampled  in  the  same  manner,  the  moisture  content  of  the  lower-grade 
fuela  is  distinctly  higher  than  that  of  the  higher-grade  coals. 

An  excellent  criterion  for  separating  the  high-grade  coals  from  those 
poorer  in  quality,  which  can  be  depended  upon  more  than  any  other, 
is  the  manner  of  weathering,  especially  in  the  fracturing  developed  in 
the  coal  as  it  gradually  dries.  In  bituminous  coals  the  fractures  thus 
developed  will  correspond  with  the  cleavage  and  the  resulting  frag- 
ments will  remain  prismatic  in  shape,  even  to  the  finest  dust  particles. 
On  the  other  hand,  the  lower-grade  coals  will  check  an<l  fracture 
irregularly,  and  the  resulting  fragments  will  be  irregular  in  outline. 

By  using  the  above  criteria,  a  large  group  of  low-grade  coals  which 
are  very  black  and  frequently  of  brilliant  luster,  with  fairly  well  de- 
veloped cleavage,  thus  closely  resembling  true  bituminous  coals  on 
casual  examination,  have  been  separated  from  the  class  of  bituminous 
coals,  and  the  term  "  sub-bituminous  "  applied  to  them.  About  45 
per  cent,  of  the  total  coal  tonnage  of  Montana  consists  of  this  type  of 
coal,  which  is  often  called  "  black  lignite  "  or  "  lignitic  "  coal ;  but 
the  term  "  lignite  "  or  "  lignitic ''  is  not  appropriate,  for  the  reason 
that  in  no  sense  are  these  coals  woody,  as  is  implied  by  the  term 
"  lignite."  The  west  one-half  of  the  Eastern  Plains  region,  the  Bull 
Mountain  field.  Milk  River  field,  and  Red  Lodge  field,  all  contain 
this  type  of  coal,  while  the  Great  Falls,  Lewistown,  Bridger,  Trail 
Creek,  and  Electric  fields  are  the  principal  areas  supplying  coal 
that  is  truly  bituminous  in  grade.  True  lignite,  which  is  brown,  lus- 
terless,  and  distinctly  woody  in  texture,  occurs  only  along  the  eastern 
border  of  the  State,  making  up  over  one-half  of  the  tonnage  estimated 
to  be  present  in  the  Eastern  Plains  region. 

Comparison  of  Chemical  Analyses  and  Heating  Values. 

A  comparison  of  chemical  analyses  and  heating  values  of  uoals 
from  11  of  the  more  important  Montana  coal  fields  and  of  coals  from 
six  other  fields  lying  outside  of  the  State,  which  either  come  into 
direct  competition  with  the  Montana  coals  or  are  accepted  standards 
in  the  coal  trade,  is  shown  in  Fig.  3.  Proximate  analyses  giving  the 
ash,  fixed  carbon,  volatile  matter,  and  moisture  Content  of  the  coals, 
together  with  sulphur  determinations,  are  used  for  a  comparison  of 
tlie  chemical  character  of  the  various  fuels,  Table  I.  The  heating 
value  recorded  in  British  thermal  units  is  given  in  two  forms,  one 
for  the  air-dried  sample,  which  very  closely  represents  the  coal  as  re- 
ceived by  the  consumer,  after  drying  during  shipment   and  while 
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being  held  Id  stock,  and  the  other  for  theoretically  pare  coal  from 
which  the  ash  and  moisture  content  have  been  removed,  obtained  by 
recalculating  the  results  of  the  determination  on  an  air-dried  basis. 
This  second  value  fairly  represents  the  relative  value  of  the  fuel  con- 
stituents of  each  of  the  coals  taken  alone  and  is  a  true  measure  of  the 
degree  of  advancement  each  coal  has  attained  in  the  process  of  trans- 
formation from  original  vegetable  matter  into  coal.  In  every  case  the 
results  represent  the  averages  obtained  from  a  large  number  of  analy- 
ses of  coals  from  all  parts  of  each  field  and  are  believed  thoroughly  to 
represent  the  average  of  the  coal  that  can  be  produced.  All  of  the 
analyses  and  the  procedure  followed  on  sampling  were  made  under 
identical  standards,  with  the  exception  of  the  two  Canadian  coals, 
which  were  sampled  and  analyzed  under  standards  slightly  different 
from  those  used  in  the  United  States,  but  not  different  enough  to 
affect  the  results. 

Table  I. — Heating    Values^  Proximate   Analyses  on  Air-Dried  Ba^iSj 
and  Sulphur  Contents  of  Montana  CoalSj  Compared  with  Coals 
from  Adjacent  Coal- Producing  Regions  in  Wyoming  and 
Canada,  and  With  Standard  Eastern  Coals, 

(From  analyses  by  the  U.  S.  Geological  Surrey,  U.  S.  Bureaa  of  Mines,  and 

Department  of  Mines,  Canada. ) 
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The  arrangement  of  the  coals  on  the  diagrana  presented  in  Fig.  3^ 
comparing  the  coals  from  the  various  Montana  fields,  is  determined 
by  the  relative  heating  values  of  the  theoretically  pure  coal — ^ash  and 
moisture  free — which,  as  stated  above,  is  believed  to  be  a  true  meas- 
ure of  the  relative  degree  of  coalification  attained  by  the  different 
fuels.  Considered  on  this  basis,  the  coals,  as  arranged,  show  a  fairly 
equable  gradation  in  values  from  14,820  B.t.u.  for  the  Electric  Held, 
which  stands  first  on  the  list,  to  a  value  of  11,820  B.t.u.  for  the  lig- 
nite from  the  Eastern  Plains  region,  which  stands  last,  the  most  rapid 
drop  in  the  gradation  being  from  14,820  B.t.u.  for  the  Electric  field 
to  14,120  for  the  Trail  Creek  coals,  showing  that  the  coal  of  the 
Electric  field  stands  easily  above  all  of  the  other  coals  of  Montana  in 
the  degree  of  coalification  attained.  On  this  basis,  going  from  the 
highest  grade  downward,  the  bituminous  coals  of  the  State  rank  as 
follows :  (1)  Electric  field,  (2)  Trail  Creek  field,  (3)  Bridger  field,  (4) 
Lewistown  field,  (5)  Great  Falls  field. 

Among  the  coals  of  the  sub-bituminous  class,  the  Bull  Mountain 
coal  ranks  first,  followed  in  the  order  named  by  the  coals  from  the 
Red  Lodge,  Drummond,  and  Missoula,  Eastern  Plains  region,  and 
Milk  River  fields,  which  are  in  turn  followed  by  the  lignite  from  the 
Eastern  Plains  region. 

On  the  other  hand,  if  these  coals  are  compared  on  the  basis  of  the 
heating  values  of  the  air-dried  sample,  which  more  nearly  represents 
the  coal  as  used  by  the  consumer,  several  striking  exceptions  to  the 
above  appear,  which  in  every  case  seem  to  be  explained  by  examining 
the  ash  contents  of  the  coals  in  question.  The  ash  simply  occupies 
the  place  of  combustible  matter  and  thus  exerts  a  purely  negative 
value  on  the  fuel.  This  is  probably  better  illustrated  by  comparinic 
the  averages  shown  on  the  diagram  obtained  by  the  Cambria  and 
Rock  Springs  coals  from  Wyoming  than  by  any  coals  in  Montana. 
On  comparing  the  heating  value  of  the  ash  and  moisture  free  coal, 
the  Cambria  ranks  above  the  Rock  Springs,  although  its  heating 
value  on  the  air-dried  basis  is  only  10,220  B.t.u.,  compared  with 
12,230  for  the  Rock  Springs  coal,  the  difference  being  due  to  an  ash 
content  of  28.3  per  cent.,  as  compared  with  3.8  in  the  Rock  Springs 
coal.  The  first  change  to  be  made  in  the  order  of  the  Montana  coals 
on  this  basis  is  that  the  coal  for  the  Lewistown  field,  averaging  a 
greater  heating  value,  should  be  placed  above  the  Bridger  coal,  be- 
cause of  an  ash  content  of  9.8  per  cent,  for  the  former,  against  15.4 
per  cent,  for  the  latter.  Again,  the  Bull  Mountain  and  Red  Lodge 
coals,  both  of  which  belong  to  the  sub-bituminous  class  on  the  basis 
of  their  B.t.u.  values  for  an  air-dried  sample,  rank  distinctly  above 
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the  Great  Falls  and  Bridger  coals,  the  difference  again  being  due  to 
the  varying  ash  content.  The  last  example  is  shown  by  the  averages 
for  the  coals  of  the  Dnimmond  and  Missoula  field,  which  should  rank 
below  the  sub-bituminous  coal,  both  from  the  Eastern  Plains  region 
and  the  Milk  River  field,  because  of  the  very  high  ash  percentage, 
21.2,  found  in  them. 

On  studying  the  moisture  content  of  the  Montana  coals,  it  soon 
becomes  evident  that  the  arrangement  of  the  coals  inversely  accord- 
ing to  percentage  of  moisture  in  them,  would  agree  in  a  general  way 
with  the  arrangement  as  determined  by  the  heating  values  of  the  pure 
coal — ^ash  and  moisture  free.  The  coals  of  the  Electric  field  show  the 
lowest  moisture  content,  and  the  lignite  of  the  liastern  Plains  region 
the  highest. 

On  comparing  the  Montana  bituminous  coals  with  those  from 
nearby  States,  it  is  seen  that  both  the  Electric  and  Trail  Creek  coals 
have  heating  values  for  theoretically  pure  fuel  in  excess  of  either  the 
Cambria  or  Rock  Springs  coal  from  Wyoming,  but,  on  the  other 
hand,  the  low  percentage  of  ash  in  the  Bock  Springs  coal  gives  it  a 
much  higher  heating  value  on  the  air-dried  basis  than  any  of  the 
bitaminous  coals  in  Montana.  The  sub-bituminous  coal  from  the 
Bull  Mountain  and  Red  Lodge  fields  easily  ranks  with  or  above  the 
coal  from  the  Sheridan  field  in  Wyoming,  which  is  more  truly  com- 
parable with  the  sub-bituminous  coals  from  the  Montana  Eastern 
Plains  region. 

On  comparing  the  Montana  coals  with  those  from  adjacent  fields 
in  Canada,  it  is  evident  that  the  coals  from  the  Belly  River  field 
(Lethbridge)  compare  favorably  with  the  Bridger  and  Lethbridge 
coals,  but  are  not  equal  to  the  Electric  and  Trail  Creek  coals.  None 
of  the  Montans  fuels  can  compare  with  the  high-grade  coal  found  in 
the  Crowsnest  field  in  British  Columbia  and  Alberta,  while  on  the 
other  hand  the  standard  coals  from  Pennsylvania  and  West  Virginia 
are  seen  to  excel  all  other  coals  whose  averages  are  shown. 

Descriptions  op  the  Coal  Fields. 

Fields  Containing  Bituminous  and  Higher' Grade  Coals. 

Bridger  Field.  "'^ — The  Bridger  field  is  located  in  Carbon  county 
in  the  southern  part  of  the  State  and  occupies  a  long  narrow  area 
extending  northwest  from  near  the  State  line  in  T.  9  S.,  R.  22  E., 
across  the  Clark  fork  of  the  Yellowstone  and  Rock  creek  for  about  35 
miles.  Considerable  development  has  been  accomplished  in  the 
northern  part  of  the  field,  centering  around  the  towns  of  Bridger, 
Coalville,  and  Joliet.     It  is  estimated  to  contain  about  120  sq.  miles 


2846  THB   COAL   FIELDS   OF   MONTANA. 

of  area  underlain  by  coals  of  workable  thickness  within  minable 
depth. 

The  Eagle  sandstone  and  associated  formations,  consisting  of  the 
Colorado  shale  below  and  the  Claggett  shale  and  sandy  brackish- 
water  beds  above,  oatcrop  across  the  entire  length  of  the  field.  The 
geologic  structure  is  comparatively  simple,  all  of  the  rocks  present 
having  a  general  southwest  dip,  the  inclination  varying  from  2°  to 
10°.  Faulting,  generally  trending  nearly  at  right  angles  to  the  strike 
of  the  beds,  occurs  at  several  localities,  the  most  prominent  example 
of  which  is  about  6  miles  south  of  Bridger,  near  the  center  of  T.  7  S., 
R.  28  E.,  where  a  depressed  block  fault,  with  its  longer  axis  lying 
across  the  strike  and  widening  in  the  direction  of  the  dip,  offsets  the 
coal  found  in  the  Eagle  about  three-quarters  of  a  mile  to  the  east. 
There  is  another  prominent  fault  about  4  miles  north  of  Bridger  that 
offsets  the  same  coal  bed  for  nearly  2  miles.  As  a  rule,  these  faults 
will  not  interfere  seriously  with  mining  operations. 

All  of  the  coal  found  in  the  Bridger  field  occurs  in  the  Eagle  sand- 
stone. The  formation  contains  three  coal  beds  separated  by  massive 
sandstone  members  about  50  ft.  in  thickness,  only  one  of  the  coals 
being  workable  at  any  one  point  in  the  field.  The  south  point  of 
workable  coal  occurs  in  T.  9  S.,  R.  24  E.,  the  bed  containing  2  ft. 
6  in.  of  coal  in  two  benches,  separated  by  a  6-in.  bone  parting.  To 
the  north,  in  the  Clark  Fork  valley,  in  the  vicinity  of  Bridger  and 
Coalville,  the  coal  being  worked  varies  from  4  to  6  ft.  in  thickness, 
usually  occurring  in  three  benches,  separated  by  shale  or  bone  part- 
ings. On  Rock  creek,  near  Joliet,  the  bed  being  worked  is  thinner, 
containing  only  from  2  ft  to  2  ft  6  in.  of  coal,  mostly  broken  into 
thin  benches.  The  coals  of  this  field  are  of  lower  grade  than  those 
being  mined  at  Electric  and  Trail  creek,  but  compare  favorably  with 
the  Lewistown  and  Great  Falls  coals. 

StiUioater  Field. — A  small  coal  field  that  has  remained  undescribed 
up  to  the  present  time,  and  here  called  the  Stillwater  field,  is  located 
in  the  valley  of  the  Stillwater  river,  on  the  boundary  line  between 
Sweetwater  and  Carbon  counties.  The  field  lies  about  35  miles 
northwest  of  Red  Lodge,  near  the  base  of  the  rugged  mountains 
surrounding  the  Yellowstone  National  Park.  It  lies  almoat  wholly 
within  T.  4  S.,  R.  16  E.,  and  contains  about  10  sq.  miles  of  area 
underlain  by  workable  coal  occurring  at  the  same  horizon  as  that 
mined  in  the  Bridger  field. 

The  Eagle  sandstone,  the  coal-bearing  formation  in  this  field,  is 
about  300  ft.  thick,  and  is  exposed  on  either  side  of  the  Stillwater 
valley  for  several  miles  along  an  irregular  line  of  outcrop,  with  dips 
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varying  from  eaat  to  northeast  and  north  in  direction.  The  coal  pres- 
eDt  occurs  in  a  carbonaceoas  shale  zone  at  the  top  of  the  Eagle, 
which,  in  turn,  is  overlain  by  sandy  beds  occupying  the  stratigraphic 
position  of  the  Claggett  shale.  A  single  bed  of  coal  is  present  on  this 
horizon,  averaging  from  4  to  6  ft  in  thickness,  but  it  is  much  broken 
by  shale  and  bone  partings,  the  thickest  single  bed  measured  being  a 
little  over  8  ft  in  thickness. 

The  grade  of  coal  in  this  field  is  about  identical  with  that  of  the 
Bridger  coals,  being  a  fair  grade  of  bituminous.  The  heating  value 
is  only  a  few  units  less  than  that  of  the  Bridger  coal,  and  the  chemi- 
cal analyses  give  practically  the  same  percentage  of  ash  in  each  of 
the  coals. 

Electric  Field. ' — The  area  of  coal-bearing  rocks  constituting  the 
Electric  field  lies  on  the  south  boundary  line  of  Montana,  in  Park 
county,  adjacent  to  the  Yellowstone  National  Park.  The  field  covers 
about  20  sq.  miles,  lying  in  T.  9  S.,  Rs.  7  and  8  E.,  along  the  Yellow- 
stone river  and  the  minor  streams  leading  into  it. 

The  rocks  in  which  the  coals  of  this  field  are  found  occur  immedi- 
ately above  a  mass  of  dark  marine  beds  easily  recognizable  as  the 
Colorado  shale,  and,  therefore,  occupy  a  position  approximating  that 
of  the  Eagle,  Claggett,  and  Judith  River  formations  indicated  in  Fig. 
2.  Immediately  above  the  Colorado  shale  is  found  a  thickness  of  a  little 
over  300  ft.  of  sandstone  that  is  soft,  generally  massive,  and  contains 
a  few  shaly  layers,  and  at  the  top  a  coal  and  carbonaceous  shale  bed 
6  ft.  in  thickness.  This  agrees  very  closely  with  the  Eagle  sandstone 
as  developed  farther  east  in  the  Stillwater  and  Bridger  fields.  Above 
this  basal  sandstone  are  found  a  series  of  alternating  sandstones  and 
shales  containing  two  more  coal  zones,  but  the  stratigraphic  equiva- 
lents of  the  Claggett  and  Judith  River  formations  are  not  distinguish- 
able. 

The  structure  of  the  field  is  complex.  Described  in  a  general  way, 
it  may  be  said  to  represent  a  fault  block  narrowing  to  an  apex 
toward  the  north  and  depressed  relatively  many  thousand  feet.  The 
block  is  highly  folded  aad  faulted,  the  faults  being  of  both  normal 
and  thrust  types,  with  great  irregularity  in  the  angles  of  dip  of  the 
fault  planes. 

The  complexity  of  the  structure  is  the  chief  difliculty  met  with  in 
the  mines  of  this  field,  for  in  all  the  underground  workings  faults  of 
every  type  are  continually  being  encountered.  On  the  other  hand, 
the  high  grade  of  fuel  occurring  in  this  field  is  almost  certainly  due 
to  the  metamorphism  resulting  from  these  structural  disturbances. 
This  is  especially  noticeable  in  some  of  the  mines  where  anthracitiza- 
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tion  of  the  coals  is  attendant  upon  sharp  folds  or  occurs  in  the 
vicinity  of  faults. 

The  coals  of  this  field  occur  in  three  beds  distributed  through 
about  300  ft.  of  rocks ;  the  uppermost  of  these  three  beds,  lying  a 
little  more  than  200  ft.  above  the  bed  next  below  it,  is  the  only  one 
that  has  been  extensively  developed,  as  it  alone  is  prevailingly  coking 
in  character.  These  coals  are  easily  the  highest-grade  coals  in  their 
class  occurring  in  Montana.  Their  average  heating  value  on  the  air- 
dried  basis,  11,800  B.t.u.,  and  their  average  moisture  content,  2.4, 
are  the  best  values  obtained  from  any  true  bituminous  coals  in  the 
State.  The  coals  are  coking,  practically  all  of  the  output  being 
coked  and  marketed  for  smelter  use  at  Butte  and  Anaconda. 

TVail  Creek  Fidd^  ^*  ^2*  ^. — ^In  all  of  the  earlier  publications  dealing 
with  the  coal  areas  in  the  vicinity  of  Trail  creek  and  Livingston  the 
term  "  Bozeman  coal  field "  is  used.  When  this  name  was  first 
adopted  Bozeman  was  the  principal  town  in  the  region,  but  at 
present  it  seems  undesirable  to  continue  the  use  of  this  name  because 
the  coal-bearing  rocks  are  not  exposed  near  Bozeman  but  are  well 
developed  along  continuous  outcrops  in  the  general  vicinity  of  Trail 
creek.  The  field  is  not  a  large  one,  although,  because  of  its  proximity 
to  the  main  line  of  the  Northern  Pacific  railroad,  it  was  the  first  coal 
area  to  be  extensively  developed  in  Montana.  The  field  contains  a 
total  area  of  ^bout  15  sq.  miles  underlain  by  workable  coal  occupy- 
ing two  straight  elongated  tracts  which  meet  at  Chestnut,  making  a 
y-shaped  outline  on  the  map.  The  area  is  partly  in  Gallatin  and 
l)artly  in  Park  county  and  lies  midway  between  Bozeman  and 
Livingston. 

The  coal-bearing  rocks  of  this  field  are  very  similar  to  those  found 
in  the  Electric  area.  Overlying  the  marine  Colorado  shale  are  found 
from  750  to  900  ft.  of  sandstones  occupying  the  stratigraphic  position 
of  the  Eagle  sandstone  in  other  parts  of  Montana  and  containing 
several  coal  beds  of  commercial  importance.  Except  for  the  greater 
thickness,  which  in  a  sandstone  of  its  character  is  not  unusual,  the 
rocks  agree  closely  with  the  Eagle  sandstone  occurring  farther  east 
in  the  Stillwater  and  Bridger  fields  and  can  be  correlated  with  that 
formation  with  considerable  certainty.  Overlying  this  coal  group  is 
found  a  thickness  of  5,000  ft.  or  more  of  rocks  predominantly  tuf- 
faceous  in  character,  consisting  of  brown  shales  and  sandstones  with 
intercalated  agglomerate  largely  andesitic  throughout,  occupying  the 
approximate  stratigraphic  position  of  the  Claggett,  Judith  River  and 
Bearpaw  formations  of  other  parts  of  Montana,  and  being  a  purely 
local  development  in  the  geologic  column  of  this  part  of  the  State. 
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The  structure  of  the  field  is  complex,  both  folds  and  faults  being 
numerous.  Along  both  sides  of  the  valley  of  Trail  creek  are  found 
two  anticlines  bringing  up  Palseozoic  rocks  and  between  them  a 
narrow  tract  of  the  coal-bearing  Cretaceous  formations  broken  by 
prominent  strike  faults. 

The  coals  present  occur  in  several  irregular  beds  that  are  not 
productive  throughout  all  of  the  area  mapped.  Their  variability  in 
t'Laracter  and  thickness,  together  with  the  complex  structures  present, 
makes  successful  mining  in  the  field  very  difiicult.  In  grade  the 
coals  rank  next  after  those  from  the  Electric  field  in  the  class  of 
bituminous  coals  in  Montana,  having  a  slightly  lower  heating  value 
and  considerably  greater  moisture  content  than  the  Electric  coals. 

Development  has  continued  in  this  field  for  many  years  and  it  is 
the  only  coal  area  in  Montana  from  which  a  large  part  of  the  easily 
accessible  coal  has  already  been  mined. 

Gallatin  Field  ^*^. — Coal  has  been  known  to  be  present  in  the  group 
of  mountains  lying  between  the  West  Gallatin  river  and  the  Madison 
river  in  the  southern  part  of  Oallatin  and  Madison  counties,  Montana, 
for  over  30  years,  but  few  or  no  data  have  been  published  concerning 
it.  Two  areas  are  definitely  known  to  be  coal-bearing,  one  on  the 
headwaters  of  Jackass  creek  north  of  Lone  mountain,  and  the  other 
on  the  headwaters  of  Dodge  creek  about  10  miles  southeast  of  the 
mountain  mass  known  as  the  Sphinx.  The  country  is  rugged  and 
inaccessible,  the  nearest  railroad  point  lieing  more  than  30  miles  dis- 
tant, so  that  the  field  has  remained  undeveloped,  in  spite  of  the  fact 
that  coals  approaching  anthracite  or  semi-anthracite  in  grade  and 
easily  the  hiorhest  class  of  fuels  found  in  Montana  are  known  to  occur 
there. 

The  formation  containing  the  coal  in  this  field  is  probably  identical 
or  very  similar  to  the  coal-bearing  group  found  in  the  Electric  field, 
which  lies  only  about  30  miles  to  the  southeast.  Colorado  shale  is 
known  to  be  present  as  in  the  Electric  field  and  above  it  a  consider- 
able thickness  of  sandy  and  shale  beds  containing  the  coals.  In  the 
Dodge  Creek  area  three  beds  from  4  to  6  ft.  thick  are  known  to  be 
present.  The  main  structural  feature  in  each  of  these  coal-bearing 
areas  is  a  broad  open  syncline  more  or  less  flexed  by  minor  undula- 
tions and  breaks  in  the  strata.  The  area  on  the  headwaters  of  Jack- 
ass creek  lies  adjacent  to  a  large  igneous  mass  of  porphyrite  many 
miles  in  extent  and  this  occurrence  probably  accounts  for  the  pres- 
ence of  the  very  high-grade  coals  reported.  A  single  proximate 
analysis  of  coal  from  the  field  has  been  published,  giving  the  follow- 
ing: Moisture,  5.8;   volatile  matter,  5.6;    fixed  carbon,  84.7;    and 
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aeb,  4.4.  This  gives  a  fuel  ratio  of  15.1,  and  indicates  that  the 
sample  analyzed  is  either  anthracite  or  semi-anthracite  coal. 

Lombard  Meld  ^\ — Coal  is  known  to  be  present  probably  in  com- 
mercial quantities  in  the  vicinity  of  Lombard  in  Gallatin  and  Broad- 
water counties.  The  area  in  which  the  coal  occurs  lies  between 
Lombard  and  Toston  and  occupies  about  6  sq.  miles.  The  Kootenai 
formation  is  known  to  be  present  here  and  it  probably  contains  the 
coal-bearing  rocks  found  in  the  district.  The  structure  is  complex^ 
the  strata  being  much  broken,  so  that  some  of  the  coal  present  which 
is  reported  to  be  coking  has  been  altered  to  such  an  extent  that  it  h 
essentially  graphite. 

Great  Falls  JFIteW  "' i^' 22, 28,_The  Great  Falls  field  as  generally 
known  at  present  comprises  the  large  coal-bearing  area  extending 
east  from  the  Missouri  river  in  the  vicinity  of  Great  Falls  for  a  dis- 
tance of  60  miles  along  the  base  of  the  Little  Belt  mountains  to  a 
point  beyond  Stanford.  It  merges  into  the  area  of  the  Lewistown 
field,  from  which  it  is  not  divided  by  any  sharp  natural  boundary. 
The  field  lies  partly  in  Cascade  and  partly  in  Fergus  county. 

Throughout  this  field  the  coal  occurs  at  one  horizon  about  60  ft. 
above  the  base  in  the  Kootenai  (Lower  Cretaceous)  formation.  Coal 
of  workable  thickness  is  not  contained,  however,  at  all  points  on  thi& 
horizon,  but  varies  locally,  there  being  three  principal  areas  contain- 
ing minable  coal  in  the  field.  The  first  and  most  important  of  these 
areas  is  in  the  vicinity  of  Belt  and  Sand  Coulee  and  contains  230  sq. 
miles  underlain  by  workable  coal,  from  which  by  far  the  greater  part 
of  the  production  of  the  field  has  been  mined.  The  second  area,  con- 
taining 38  sq.  miles  of  workable  coal,  lies  in  the  vicinity  of  Spion  Kop 
and  Geyser,  and  the  third,  with  48  sq.  miles  of  workable  coal  land,  is 
situated  near  Stanford.  The  Kootenai  formation  as  developed  in  this 
field  has  a  thickness  of  about  475  ft.  and  consists  mainly  of  sandstone 
and  sandy  shale  occurring  in  alternate  succession.  It  rests  conform- 
ably on  variegated  sandy  shales  and  sandstone  of  Juriassic  age  and  is 
overlain  by  the  bluish  gray  shale  of  the  Colorado  formation. 

The  geologic  structure  of  the  field  is  comparatively  simple.  The 
rocks  dip  at  small  angles  to  the  northeast  away  from  the  adjoining 
mountains.  In  a  narrow  zone  bordering  the  Little  Belt  range  the 
rocks  dip  from  10°  to  15°,  but  in  passing  outward  under  the  plains 
they  flatten  rapidly,  so  that  in  the  coal-bearing  areas  the  dips  rarely 
exceed  4°.  However,  there  are  many  minor  rolls  and  undulations  in 
the  strata,  most  of  which  are  not  perceptible  to  the  casual  observer. 
Minor  faults  are  also  more  or  less  common  throughout  the  coal  area, 
especially  in  the  vicinity  of  Belt,  where  they  have  beeii  troubleeonne 
in  mining  operations. 
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lu  the  vicinity  of  Sand  Coulee  the  one-coal-bearing  bed  of  commer- 
cial importance  present  'Consists  of  coal  interbedded  with  layers  of 
bony  shale  and  clay,  the  coal  content  ranging  from  6  to  14  ft.  in 
thickness  in  different  parts  of  the  district.  The  arrangement  of  the 
coal  is  in  two  principal  benches,  the  tipper  much  thicker  than  the 
lower.  In  the  vicinity  of  Belt  the  coal  bed  averages  about  6  ft  in 
thickness,  occurring  in  three  benches  separated  by  partings  of  bone. 
At  the  Geyser  locality  the  bed  averages  from  3  to  6  ft,  while  near 
Stanford  it  ranges  from  6  to  18  ft,  including  many  partings  present 

The  coals  of  the  Great  Falls  field  are  to  be  regarded  as  medium- 
grade  bituminous.  They  should  probably  rank  the  lowest  of  the 
true  bituminous  coals  in  the  State,  having  lower  heating  values  both 
on  the  air-dried  basis  and  on  the  basis  of  theoretically  pure  coal  than 
both  the  Lewistown  and  Bridger  coals.  Their  ash  content  is  high, 
averaging  over  18  per  cent,  and,  occurring  in  conjunction  with  con- 
siderable sulphur  in  the  form  of  pyrite  nodules,  renders  it  necessary 
to  wash  these  coals  before  placing  them  on  the  market 

Lewistovm  Field^^^*^^. — The  Lewistown  coal  field  as  generally 
known  comprises  not  only  the  limited  district  near  Lewistown  where 
considerable  development  has  taken  place,  but  also  the  western  ex- 
tension of  that  district  along  the  north  slopes  of  the  Big  Snowy  and 
Little  Belt  mountains,  to  where  it  joins  the  Great  Falls  field.  It  is 
i^ituated  in  the  center  of  Montana,  including  a  part  of  Fergus  county 
and  a  few  square  miles  in  the  north  part  of  Meagher  county.  The 
greater  part  of  the  field  lies  in  the  Judith  basin,  a  name  applied  to 
the  principal  drainage  area  of  the  Judith  river.  In  all  there  are 
about  150  sq.  miles  of  the  area  in  this  field  that  are  underlain  by 
workable  coals  within  minable  depth. 

The  rocks  encountered  in  the  Lewistown  field  range  in  age  from 
Lower  Carboniferous  to  Quaternary,  but  all  of  the  workable  coal  in 
the  region  occurs  at  the  single  horizon  found  near  the  base  of  the 
Kootenai  formation.  On  the  whole,  the  Kootenai  in  this  field  is  very 
similar  to  that  of  the  Great  Falls  field  except  that  it  is  slightly  thicker, 
averaging  a  little  more  than  500  ft.  The  coal  horizon,  occurring 
about  90  ft  above  the  base  of  the  formation,  is  easily  traceable  by 
means  of  the  prominent  pebbly  and  gritty  sandstone  member  about 
50  ft.  thick,  lying  immediately  above  the  coal,  and  generally  standing 
out  in  bold  ridges  timbered  with  pines. 

The  structure  in  the  western  part  of  the  field  is  relatively  simple, 
the  beds  present  dipping  to  the  north  at  slight  angles  away  from  the 
Little  Belt  and  Big  Snowy  mountains.  In  the  eastern  part  of  the 
field  the  principal  structural  features  are  a  large  group  of  laccoliths, 
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the  largest  of  which  form  the  Judith  and  Moccasin  moantains, 
while  the  smaller  ones  are  merely  small  dome-shaped  uplifts  not  over 
one  mile  across  and  often  without  topographic  expression.  Erosion 
has  removed  the  softer  Cretaceous  rocks  from  these  uplifts,  exposing 
Palaeozoic  or  igneous  formations,  and  as  a  result  the  coal-bearing 
rocks  encircle  them,  the  continuity  of  the  coal  outcrop  being  broken 
here  and  there  by  irregular  igneous  masses. 

As  in  the  Great  Falls  field  to  the  west,  the  coals  in  the  Lewistown 
:field  are  not  continuous  throughout  the  area,  but  are  productive  only 
in  limited  districts  with  unproductive  areas  between  them.  The  most 
important  of  these  districts  are :  (1)  the  Buffalo  Creek  district,  on  the 
north  slope  of  the  Little  Belt  mountains  ;  (2)  the  Rock  Creek  district, 
on  the  north  slope  of  the  Big  Snowy  mountains;  (3)  the  Lewistown 
district,  on  Big  Spring  creek  just  above  Lewistown ;  and  (4)  the 
Macdonald  Creek  district,  the  largest  of  all  of  these,  lying  on  the  east 
edge  of  the  field  south  of  the  Judith  mountains. 

The  coals  where  mined  at  present  vary  from  2.5  to  8  ft.  in  thick- 
ness, and,  as  in  the  Great  Falls  field,  are  usually  broken  by  partings 
of  clay  and  bone.  The  coal  is  a  medium-grade  bituminous  in  char- 
acter and  very  similar  to  the  Great  Falls  coal  except  that  it  is 
rather  more  free  from  impurities,  the  ash  content  averaging  almost 
10  per  cent,  lower  than  the  Great  Falls  coals.  It  is  persistently 
banded  in  appearance,  with  alternating  layers  of  bright  and  dull 
coal.  The  sulphur  content  is  relatively  high,  averaging  over  4 
per  cent. 

Valier  Field, — A  small  heretofore  undescribed  coal  field  occupies 
a  small  area  near  the  town  of  Valier  in  Teton  county  in  the  north- 
west part  of  the  State.  The  field  includes  about  6  square  miles 
of  area  that  is  underlain  by  workable  coal,  and  although  compar- 
atively small  is  of  considerable  local  importance  because  of  the 
scarcity  of  coal  in  that  region. 

The  coal  occurs  in  a  single  workable  bed  at  the  top  of  the  Eagle 
sandstone,  which  is  typically  developed  here,  and  therefore  occupies 
the  same  stratigraphic  position  as  the  coal  mined  in  the  Bridger, 
Stillwater,  and  possibly  Electric  and  Trail  Creek  fields  in  the  south- 
ern part  of  the  State.  The  structure  is  very  simple,  the  rocks  lying 
so  nearly  flat  and  undisturbed  that  the  slight  westward  inclination  of 
the  strata  is  barely  perceptible. 

The  single  coal  bed  present  is  thin,  rarely  being  more  than  30  in. 
in  thickness,  and  averaging  only  about  2  ft.  The  coal,  however,  is 
of  good  quality,  comparing  favorably  with  that  mined  from  the 
Bridger  field  and  being  of  slightly  better  quality  than  the  coal  from 
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the  Lewistown  iield.  The  ash  content  is  lower  and  the  heating  value 
decidedly  higher  than  that  of  the  coals  from  the  Great  Falls  field.       * 

Black'foot  Field. — The  Blackfoot  field  is  another  area  that  has  re- 
niained  undescribed  up  to  the  present  time.  It  lies  within  15  miles 
of  the  international  boundary  in  the  northwest  part  of  Teton  county 
and  should  develop  into  considerable  importance  as  a  local  source  of 
fuel.  The  field  occupies  a  long  narrow  area  extending  in  a  north- 
west-southeast direction  for  about  15  miles  across  the  upper  branches 
of  the  south  fork  of  the  Milk  river  and  is  practically  undeveloped. 

The  coal  present  lies  at  a  single  horizon  occurring  at  the  top  of  a 
sandstone  formation  locally  known  as  the  Horsethief  sandstone,  lying 
immediately  above  the  Bearpaw  shale,  which  is  the  same  in  strati- 
graphic  position  as  that  occupied  by  the  Lennep  sandstone  found  in 
the  upper  part  of  the  Musselshell  valley  north  of  the  Crazy  moun- 
tains. The  structure  of  the  field  is  very  complex,  for  it  lies  in  a  belt 
of  folded  and  faulted  rocks  lying  at  the  base  of  the  Rocky  mountains. 
The  faults  are  mostly  of  the  overthrust  type.  This  complexity  of 
structure  will  make  any  extensive  mining  operations  very  difficult  to 
carry  oat,  but  on  the  other  hand  the  dynamic  disturbances  have 
served  to  alter  the  coal  into  a  relatively  high-grade  fuel.  The  thick- 
est coal  found  measures  3.5  ft  in  thickness,  but  the  average  thickness 
of  the  workable  coal  is  not  over  2.5  ft. 

The  coal  is  of  excellent  quality;  the  heating  value  of  the  theoreti- 
cally pure  coal  is  13,890  B.t.u.,  and  considered  on  this  basis  it  ranks 
with  the  better  grade  bituminous  coals  of  Montana,  being  slightly 
above  the  Bridger  coal  in  grade. 

Fields  Containing  Suh-Bftuminous  Coal. 

Ball  Mountain  Field,  i2,2i.87,54,_The  Bull  Mountain  field  is  located 
in  the  central  part  of  Montana,  practically  all  of  it  lying  in  the  north- 
ern part  of  Yellowstone  county  except  for  a  few  small  areas  that  lie 
north  of  the  Musselshell  river  in  Fergus  county.  Its  length  from 
north  to  south  is  nearly  25  miles  and  from  east  to  west  35  to  40 
miles.  Its  total  area  is  about  750  sq.  miles,  practically  all  of  which 
is  land  underlain  by  workable  coal.  An  earlier  statement  assigns  a 
total  of  about  55  sq.  miles  of  coal-bearing  area  to  this  field. 

Nearly  all  of  the  workable  coals  found  occur  in  the  Fort  Union 
Wniation.  It  forms  the  uppermost  group  of  rocks  exposed  in  the 
tield  and  consists  of  a  thickness  of  1,650  ft.  of  yellowish  sandstone 
and  shales  interstratified  with  coal  beds.  It  is  prolifically  coal-bear- 
ing, containing  at  least  20  beds  attaining  a  thickness  of  more  than  2 
ft.  of  coal.     The  beds  are  most  numerous  in  the  upper  part  of  the 
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formation,  where  they  occur  at  intervals  of  50  ft.  or  less,  while  ii>  the 
lower  part  the  intervals  are  100  ft.  or  more. 

The  geologic  structure  of  the  field  is  simple,  the  rocks  lying  prac- 
tically flat  for  the  most  part.  The  slight  dips  present  form  a  shallow 
synclinal  basin  in  the  central  part  of  the  field,  having  a  general  north- 
west axial  trend  and  a  rather  accentuated  dip  at  its  northwestern  ex> 
tremity.  The  syncline  merges  on  its  northern  border  into  an  anti- 
cline whose  flanks  dip  about  5°,  while  this  anticline  is  paralleled  on 
the  north  by  a  smaller  but  sharper  syncline.  The  rocks  are  practi- 
cally undisturbed  even  by  minor  faults,  which  with  the  slight  dip& 
present  makes  the  structural  conditions  ideal  for  mining. 

The  coal  of  this  field  is  a  high-grade  sub-bituminous  very  nearly 
approaching  the  grade  of  true  bituminous  coal.  Tts  rather  poor  stock- 
ing quality  is  the  chief  factor  that  prevents  it  from  being  classed  as  a 
bituminous  coal.  It  is  pitch  black  to  brownish  black  in  color  and 
has  a  dark  brown  to  black  streak.  It  shows  lustrous  bands  alternat- 
ing with  coal  of  a  dull  satiny  luster,  containing  mineral  charcoal  or 
"  mother ''  coal. 

The  average  heating  value  of  this  fuel  on  an  air-dried  basis  i» 
greater  than  that  of  both  the  Bridger  and  Great  Falls  coals  and  is 
about  the  same  as  that  of  the  Lewistown  and  Red  Lodge  coals,  but 
on  the  basis  of  theoretically  pure  coal  the  heating  value  is  lower  than 
any  of  these,  except  the  Red  Lodge  coal.  The  Bull  Mountain  coal& 
with  those  from  Red  Lodge  should  rank  first  among  the  sub-bitumin- 
ous coals  found  in  Montana. 

Red  Lodge  Fields  11,51. 5s^ — The  Red  Lodge  field  was  formerly  called 
the  Rocky  Ford  field,  but  is  now  better  known  by  the  designation 
given  above  from  the  town  of  Red  Lodge,  which  was  the  place  of 
original  development  and  still  continues  to  be  the  chief  mining  center. 
It  is  situated  at  the  foot  of  the  Beartooth  mountains  in  Carbon 
county,  between  the  Yellowstone  river  and  the  Clark  fork,  one  of  the 
tributaries  of  the  Yellowstone.  The  field  extends  for  a  distance  of  8 
miles  from  north  to  south  and  an  equal  distance  from  east  to  west. 
About  one-half  of  this  area  of  32  sq.  miles  is  underlain  by  workable 
coal. 

The  rocks  outcropping  in  this  field  belong  almost  entirely  to  the 
Fort  Union  formation.  The  sandstones  and  shales  of  this  formation 
comprise  a  mass  of  rocks  8,500  ft.  in  thickness  in  which  carbonaceous 
shale  and  coal  beds  are  interpolated  in  various  horizons.  Workable 
coals,  however,  do  not  occur  throughout  this  immense  thickness  of 
rocks,  but  are  confined  to  a  productive  member  825  ft.  thick,  lying 
between  a  lower  barren  member  5,700  ft.  thick  and  an  upper  barren 
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member  aboat  2,000  ft.  thick.  The  sandstone  and  shale  of  the  pro- 
ductive member  of  the  formation  closely  resemble  the  rocks  from  the 
barren  portions  and  do  not  seem  to  indicate  any  essential  difference 
in  the  conditions  of  deposition,  the  carbonaceous  shales  and  the  work- 
able coals  present  alone  serving  to  distinguish  the  member.  A  sec- 
tion of  the  coal-bearing  portion  of  the  rocks  present  in  the  field  as 
ejq)08ed  on  the  east  side  of  Rock  creek  near  Ked  Lodge  gave  a  total 
of  81  ft.  of  coal  distributed  in  15  beds  in  a  total  thickness  of  800  ft. 
of  rocks.  This  very  large  amount  of  coal  gives  a  fair  idea  of  the 
prolifically  coal-bearing  character  of  the  Fort  Union  formation. 

A  peculiar  feature  of  this  field  is  the  presence  of  a  number  of  dikes 
of  camptonite  cutting  through  the  sedimentary  rocks  and  forming  low, 
dark-colored  ridges  extending  in  a  northwest-southeast  direction 
across  the  field.  They  have  had  little  or  no  metamorphic  effect 
upon  the  surrounding  rocks  and  where  they  have  cut  the  coal  beds 
little  or  no  anthracitization  has  taken  place,  nothing  but  charred  coal 
being  found. 

Structurally,  the  rocks  form  a  part  of  an  eroded  monocline  dipping 
southwestward,  which  is  abruptly  terminated  at  tlie  base  of  the  Bear- 
tooth  range  by  a  fault  having  a  throw  of  several  thousand  feet,  bring- 
ing Carboniferous  limestones  in  contact  with  the  Fort  Union  rocks. 
The  3outhwestward  dip  of  the  beds  is  variable,  being  18°  at  Red 
Lodge,  but  gradually  flattening  going  southwestward  until  they  are 
nearly  horizontal  near  the  south  limit  of  the  field,  there  being  many 
minor  undulations  in  the  strata  in  this  distance.  The  Bridger  field 
lying  only  12  miles  to  the  northeast  occupies  the  same  southwest- 
ward  dipping  monocline  present  in  the  Red  Lodge  field,  the  only 
difference  being  that  the  coals  at  Bridger  lie  at  a  horizon  very  much 
lower  than  those  at  Red  Lodge. 

The  coals  present  were  apparently  deposited  in  basins  believed  to 
have  been  shallower  toward  the  southwest  because  all  of  the  coals 
thin  in  that  direction  and  merge  into  carbonaceous  shale,  but  on  the 
whole  the  beds  present  are  very  persistent  and  are  not  to  be  classed 
as  lenticular  deposits.  The  coals  have  a  black-colored,  pitchy  luster 
and  well  developed,  though  irregular,  joints.  They  are  medium  in 
hardness  and  relatively  free  from  injurious  impurities.  They  are 
ahout  as  bright  in  appearance  as  some  of  the  bituminous  coals  of 
Pennsylvania,  and,  unlike  some  of  the  sub-bituminous  coal,  do  not 
lose  their  luster  when  exposed  to  the  air  for  a  short  time.  In  heat- 
ing value  these  coals  excel  the  bituminous  coals  from  the  Bridger 
and  Great  Falls  fields,  but  their  poor  stocking  qualities  and  heating 
value  on  the  basis  of  theoretically  pure  coal  place  them  in  the  sub- 
bituminous  class. 
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At  the  present  time  this  field  is  entering- a  period  of  extensive 
development  which  promises  a  continued  and  steady  production  for 
many  years. 

Missoula  and  Drummond  Fields. — These  two  fields  are  isolated  areas 
lying  in  the  mountainous  part  of  western  Montana  in  Missoula  and 
Granite  counties.  They  are  the  only  two  areas  which  up  to  this  time 
have  produced  coal  in  commercial  quantities  out  of  the  large  num- 
ber of  isolated  fields  containing  coal  in  the  Tertiary  lake  beds  in  this 
part  of  the  State. 

The  coal  occurs  in  the  part  of  the  Tertiary  lake  beds  that  is  aj>- 
proximately  White  River  in  age,  being  found  in  the  lower  100  ft.  o{ 
the  rocks,  whicn  are  mainly  massive  tuffs  composed  in  part  of  clay. 
The  coals  are  apt  to  be  lenticular,  showing  considerable  variability  in 
thickness.  Natural  exposures  are  scarce  because  the  coal  crumbles 
rapidly  in  weathering.  It  is  distinctly  banded,  showing  alternate 
layers  of  dull  to  bright  black  coal,  and  has  a  conchoidal  fracture, 
occasionally  showing  a  tough  woody  structure.  The  coal  is  distinctly 
sub-bituminous  in  grade,  and  some  of  it  approaches  a  true  lignite. 

Milk  River  Fields  '^. — The  Milk  River  field  occupies  a  large  portion 
of  Chouteau  county  in  north-central  Montana,  and  practically  all  of  it 
lies  in  the  drainage  basin  of  Milk  river.  By  no  means  all  of  the 
large  area  included  in  this  field  is  underlain  by  workable  coal,  but 
the  districts  containing  minable  fuel  are  so  numerous  and  so  widely 
scattered  over  the  entire  field  that  it  is  best  treated  as  a  sinsrle  larsre 
coal  field. 

The  formations  found  in  the  Milk  River  field  are  almost  identical 
with  those  found  farther  south  in  central  Montana  along  the  Missoula 
and  Musselshell  River  valleys,  which  may  be  spoken  of  as  the 
standard  section  of  the  Cretaceous  rocks  for  Montana.  The  Earie 
sandstone,  Claggett  formation,  Judith  River  formation,  and  Bearpaw 
shale  are  present  and  present  little  variation  from  their  development 
to  the  south. 

All  of  the  coals  of  workable  thickness  in  this  field  occur  within  150 
ft.  of  the  top  of  the  Judith  River  formation.  They  are  lenticular  in 
shape  and  show  variable  thicknesses  up  to  a  total  of  9  ft.  of  coal  on 
a  single  outcrop.  The  beds  are  noticeably  thinner  and  of  poorer 
grade  in  the  eastern  part  of  the  field.  Generally,  there  is  only  one 
bed  at  a  single  locality  of  workable  thickness,  but  in  a  few  places  as 
many  as  four  beds  are  found. 

All  of  these  coals  may  be  classed  as  a  fair  grade  of  sub-bituminous. 
They  are  pitch  black  to  brownish  black  in  color  and  have  a  brown 
streak,  their  luster  being  bright  and  waxy.     Chemical  analyses  show 
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that  they  are  comparatively  low  in  sulphar  and  high  in  moietare  and 
ash.  The  heating  value  of  these  coals,  taken  on  the  basis  of  a  theor- 
etically pure  coal,  averages  only  12,350  B.t.n.,  which  is  the  lowest 
value  obtained  for  any  of  the  sub-bituminous  coals  in  Montana, 
although  on  the  basis  of  the  air-dried  sample  the  heating  value  ex- 
ceeds that  of  the  coal  from  the  Missoula  and  Bruromond  fields. 

The  Eastern  Flams  Region  of  Lignite  and  Sub-Bituminous  Coal, 

1,2,5,16,17,40. 

This  very  large  coal  and  lignite  bearing  area  covers  nearly  all  of 
the  east  one-half  of  Montana,  including  practically  all  of  Valley, 
DawBon,  Custer  and  Rosebud  counties  \\ithin  its  boundaries.  It  is 
estimated  to  contain  365  of  the  total  380  billion  short  tons  of  lignite 
and  coal  found  in  Montana.  About  40  per  cent,  of  this  total  tonnage 
is  estimated  to  consist  of  sub-bituminous  coal,  while  the  remainder  is 
a  true  lignite.  Its  total  tonnage  and  area  greatly  exceed  that  of  all 
the  other  fields  in  the  State  taken  together,  but  up  to  the  present 
time  it  has  furnished  almost  nothing  to  the  annual  production  of 
coal  in  the  State. 

All  but  a  very  small  proportion  of  the  coal  in  this  region  occurs  in 
the  Fort  Union  formation,  which  here  has  its  typical  development. 
The  number  and  distribution  of  the  coals  present  are  about  equal  or 
slightly  exceed  the  number  of  beds  and  the  amount  of  coal  found  in 
the  Bull  Mountain  field,  which  can  properly  be  regarded  as  an  out- 
lier of  the  great  eastern  area  which  has  been  isolated  by  erosion 
since  the  beds  were  first  deposited.  The  structure  over  all  of  the 
area  is  very  simple,  the  rocks  for  -the  most  part  lying  practically  hori- 
zontal or  else  flexed  into  very  broad  gentle  undulations  that  are 
barely  perceptible  on  casual  examination.  The  only  exception  to  this 
is  an  anticline  whose  axis,  trending  in  a  northwest-southeast  direction 
almost  exactly  paralleled  by  that  of  the  Black  Hills  and  Bighorn 
uplifts,  passes  through  a  point  a  few  miles  southwest  of  Glendive  in 
Dawson  county  and  extends  for  over  60  miles  to  the  southeast,  to 
the  Xorth  Dakota  boundary.  This  fold  is  asymmetric,  the  steeper- 
dipping  limb  lying  on  the  southwest  side,  where  the  beds  are  inclined 
at  angles  varying  from  10°  to  30°  but  flatten  very  rapidly  in  traveling 
away  from  the  fold  toward  the  southwest. 

The  fuel  in  the  eastern  one-half  of  this  region  is  a  true  lignite  and 
constitutes  the  lowest  grade  of  fuel  found  in  Montana.  Its  heating 
value  for  the  theoretically  pure  coal,  ash  and  moisture  free,  averages 
11,820  B.t.u.,  while  on  the  air-dried  basis  the  result  is  8,505  B.t.u. 
Both  of  these  figures  are  the  lowest  obtained  for  any  of  the  coaly 
fuels  found  in  Montana.     In  general,  the  lignite  is  brown,  lusterless 
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and  woody,  showing  the  grain  of  the  wood  and  frequently  the  out- 
lines of  entire  tree  trunks  from  which  all  or  a  large  part  of  the  mar 
terial  was  formed.  Going  toward  the  west  across  this  region  the 
lignite  changes  gradually  into  a  black,  shiny,  sub-bituminous  coal. 
The  change  is  so  gradual  that  probably  no  two  observers  would  agree 
as  to  the  place  where  the  line  of  division  should  be  drawn.  As  the 
brown  color  disappears  the  lignite  loses  more  and  more  of  its  woody 
character.  Near  Glendive  it  is  black  but  lusterless,  at  Miles  City  its 
color  is  a  little  more  pronounced,  and  much  of  it  is  black  and  shiny , 
while  on  the  extreme  western  edge  of  the  area  it  has  practically  lost 
all  traces  of  its  woody  structure  and  has  obtained  a  brilliant  luster 
throughout,  being  a  true  sub-bituminous  coal. 
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Over-Oxidation  of  Steel. 

BY  W.  B.  SHIMEB  AND  F.  O.  KICHLINE,*  EA8TON,  PA. 
(New  York  Meeting,  October,  1918.) 

The  investigation  herein  described  was  carried  outfor  the  purpose 
of  8tu(]7ing,  both  by  chemical  and  metallographical  means,  the  extent 
of  over-oxidation  of  steel  that  can  be  accomplished  by  excessive  over- 
blowing in  a  Bessemer  converter.  In  addition  there  are  appended 
some  results  of  basic  open  hearth  and  crucible  steels. 

Remarks  on  Chemical  Methods. 

The  test  block  used  was  hemispherical  in  shape,  4.5  in.  in  diam- 
eter and  2  in.  thick.  Drillings  for  analysis  were  obtained  by  drilling 
through  the  entire  solid  part  of  the  block,  carefully  avoiding  all 
cracks  and  blow-holes  and  mixing  these  drillings  thoroughly.  Drill- 
ings were  carefully  examined  for  scale  and  the  finest  were  gone  over 
with  a  microscope  to  be  sure  all  scale  from  whatever  source  had  been 
removea. 

Oxygen  was  determined  by  the  well-known  method  of  Ledebur, 
modified  according  to  Cushman,*  with,  however,  the  removal  of  the 
preheating  tube,  which  was  found  unnecessary.  This  method  has 
been  found  to  ^ve  concordant  results.  Blanks  run  from  0,0003  to 
0.0006  g.  '  Duplicate  determinations  varied  not  more  than  0.001  to 
0.003  per  cent. 

It  seems  to  be  generally  supposed  that  the  hydrogen  method  gives 
only  that  oxygen  which  is  combined  with  iron.  Whether  this  be 
true  or  not,  the  content  of  oxygen  existing  as-  iron  oxide  no  doubt 
predominates  sufficiently,  so  that  the  result  obtained  is  sufficient  to 
indicate  whether  the  steel  is  over-oxidized  or  not. 

We  are  well  aware  that  the  oxides  of  manganese  and  chromium, 
when  existing  alone,  are  not  reduced  by  hydrogen  at  a  red  heat.  To 
learn  of  their  action  in  steel  the  following  work  was  carried  out :  A 
sample  of  ferro-manganese  and  of  ferro-chrome  were  each  exposed 

*  Non-member. 

^  Journal  Industrial  and  Engineering  Chemistry,  vol.  iii,,  p.  372. 
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in  the  electric  furnace  to  an  atmosphere  of  oxygen  until  completely 
oxidized.  These  powdered  oxides  were  then  run  for  oxygen  by  the 
usual  hydrogen  method,  but  only  a  very  small  percentage  of  the  total 
oxygen  was  obtained  in  either  case. 

A  sample  of  rail  steel  of  the  following  composition  was  oxidized  in 
the  electric  furnace  as  before :  C,  0.740  per  cent. ;  Mn,  0.82  per  cent; 
P,  0.024  per  cent. ;  S,  0.042  per  cent. ;  Si,  0.098  per  cent.  One-half 
gram  of  these  completely  oxidized  drillings  were  run  for  oxygen  by 
the  hydrogen  method.  The  percentage  of  oxygen  found  was  slightly 
higher  than  the  theoretical  amount.  These  reduced  drillings  were 
then  run  for  oxides  by  the  iron-iodide  method.  A  residue  of  less 
than  0.10  per  cent,  iron  was  obtained,  carrying  with  it  only  traces  of 
manganese. 

"With  the  same  object  in  view  a  sample  of  drillings  from  a  nickel- 
chrome  steel  of  approximately  the  following  composition  was  oxidized 
as  before:  C,  0.35  per  cent.;  Mn,  0.38  per  cent.;  P,  0.026  per  cent: 
S,  0.028  per  cent. ;  Si,  0.058  per  cent. ;  Ni,  8.85  per  cent. ;  Cr,  1.95 
per  cent.  The  oxidized  drillings  were  then  transferred  to  the  appa- 
ratus for  determining  oxygen  and  run  as  before.  To  insure  thorough 
reduction,  the  drillings  were  run  for  oxygen  the  second  time.  A 
slight  increase  in  weight  was  obtained.  A  third  run  gave  no  further 
reaction  for  oxygen.  The  percentage  of  oxygen  found  was  again 
greater  than  the  theoretical  figure.  The  drillings  were  then  dissolved 
in  iron  iodide,  A  slight  residue  only  was  obtained,  containing  merely 
traces  of  Fe,  Mn,  and  Cr. 

The  foregoing  experiments  tend  to  show  that  when  manganese  and 
chromium  are  oxidized,  while  alloyed  with  iron,  their  oxides  are 
readily  reduced  by  hydrogen.  This  can  at  least  be  true  when  they 
exist  in  such  amounts  as  they  are  usually  found  in  steel. 

On  this  point  we  might  quote  from  a  valuable  paper  by  G.  Mars," 
in  which  he  says :  "  The  oxides  of  both  metals  [meaning  iron  and 
manganese]  are  distinguished  from  each  other  in  this  way ;  when 
manganese  oxide  appears  alone  it  will  not  be  reduced  by  hydrogen, 
but  if  both  oxides  are  present  then  the  hydrogen  will  reduce  them." 
A  few  of  the  results  for  oxygen  by  the  hydrogen  method  were  checked 
by  the  iron- iodide  method  and  agreed  closely. 

The  experiments  were  carried  on  in  a  Bessemer  converter  blowing 
steel  for  the  Duplex  process.  Hot  metal  used,  with  the  exception  of 
Heat  /,  had  the  following  composition :  C,  3.50  per  cent.;  Mn,  0.70 
per  cent.;  P,  0.450  per  cent.;  S,  0.050  per  cent.;  Si,  1.20  per  cent. 

'  Die  Bestimmung  der  Schlackeneinschlnsse  im  Stahl,  StcJU  und  EiseiL 
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Experirnenis,       • 

Heat  A  : — 45,000  lb.  of  iron  were  blown  in  the  asual  way  for  soft 
Bteel,  the  converter  was  turned  over  and  Test  1  taken,  which  analyzed 
as  follows:  C,  0.06  per  cent. ;  Mn,  0.02  per  cent ;  O,  0.027  and  0.026 
per  cent. 

The  vessel  was  then  turned  up  and  the  heat  blown  until  the  flame 
showed  extensive  over-oxidation  and  the  metal  was  getting  cold.  It 
was  then  turned  down  and  Test  2  taken  immediately. 

Test  2  analyzed :  C,  0.03  per  cent. ;  Mn,  0.01  per  cent. ;  0,  0.074 
per  cent. 

The  oxygen  content  is  not  as  high  as  might  have  been  expected  in 
a  steel,  after  making  such  a  vigorous  attempt  at  over-oxidation,  and 
when  we  consider  that  the  test  was  poured  while  the  steel  still  con- 
tained the  full  amount  of  entangled  oxides  and  chilled  before  they 
conld  separate  out. 

To  the  metal  in  the  vessel  after  taking  test  sample  No.  2  was  added 
3,000  lb.  of  hot  metal.  To  insure  thorough  mixing  the  vessel  was 
manipulated  and  just  a  puff  of  air  blown  through.  It  was  then  turned 
down  and  allowed  to  rest  about  one  minute,  and  Test  3  was  taken 
while  pouring  into  the  ladle. 

Test  3  analyzed:  C,  0.15  per  cent;  Mn,  0.03  per  cent;  0,  0.023 
per  cent. 

This  test  showed  how  quickly  the  over-oxidized,  or  over-blown, 
heat  was  deoxidized  by  the  addition  of  the  hot  metal. 

No  microscopic  samples  were  taken  of  Heat  A, 

Heat  B : — Since  Test  1  (Heat  A)  was  blown  very  low  in  carbon. 
Heat  B  was  blown  to  leave  more  carbon  in  the  bath,  and  Test  4 
taken.    Heat  B  weighed  40,000  lb. 

Test  4  analyzed:  C,  0.25  per  cent.;  Mn,  0.04  per  cent.;  0,  0.027 
per  cent 

The  vessel  was  turned  up  and  blown  to  apparent  over-oxidation, 
when  Test  5  was  taken  in  the  usual  way. 

lest  5  analyzed:  C,  0.04  per  cent.;  Mn,  0.02  per  cent.;  0,  0.032 
per  cent. 

This  heat  was  recarburized  with  9,000  lb.  of  hot  metal,  the  vessel 
was  manipulated  to  insure  thorough  mixing,  and  Test  6  taken  while 
pouring  into  the  ladle,  after  allowing  a  few  minutes  for  the  reducing 
action  of  the  metalloids  to  be  exerted.  The  analysis  of  Test  6  showed : 
C, 0.780  per  cent;  Mn,  0.13  per  cent;  0,  0.024  per  cent;  Si,  0.140 
per  cent 

See  micrographs  Nos.  4,  4a,  5,  5a,  6,  6a,  on  Plate  I.  Micro- 
graphs 4,  5,  and  6  (taken  before  etching  specimens)  represent  Tests 
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Fig.  4.— Unetched.  Fig.  4o,— Etched. 

C,  0.2S  per  cent. ;  O,  0.027  percMt. 


Fig.  5.— Unetched.  Fig.  5a.— Etched. 

C,  0.04  per  cent ;  O,  0.032  per  c«nt. 


Fig.  6.— Unet«hed.  Fig.  On.— Etched. 

C,  0.780  per  cent. ;  O,  0.024  per  cent. 

Platx  1. — Sahplbi  fbom  Heat  B.     All  Sbctioks  Haonified  140  DuuKrHS. 
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4,  5  and  6  and  show  substantially  the  same  proportion  of  impurities 
as  the  chemical  results  for  oxygen.  Nos.  4  and  6  contain  fewer  pits 
then  No.  5.  Also,  note  in  5a  (sample  after  etching)  that  the  oxides 
occur  in  the  boundaries  of  the  ferrite  crystals.  This  structure  is 
almost  pure  ferrite,  since  there  is  practically  no  carbon  in  this 
sample. 

In  the  above  experiment  we  were  unable  to  over-blow  to  any 
great  extent  on  account  of  the  hot  metal  being  too  low  in  silicon. 
We  therefore  awaited  an  opportunity  when  the  iron  was  "hot"  (i.  c, 
high  in  silicon),  so  we  could  give  a  long  over-blow  (say  5  min.)  with- 
out danger.  This  would  give  a  very  hot  blown  metal  and  allow 
satisfactory  conditions  for  over-oxidation. 

Heat  C:  45,000  lb.  were  blown  and  Test  7  taken,  which  analyzed: 
C,  0.744  per  cent,;  Mn,  0.05  per  cent.;  0,  0.086  per  cent.  The 
heat  was  then  blown  soft  (to  about  0.10  per  cent,  carbon)  and  then, 
since  the  metal  was  very  hot,  a  prolonged  after-blow  of  about  live 
minutes  was  given.  The  vessel  was  turned  down  and  Test  8  was 
taken,  which  analyzed :  C,  0.03  per  cent. ;  Mn,  0.01  per  cent. ;  0, 
0.064  per  cent. 

To  the  vessel  was  added  5,600  lb.  of  hot  metal  for  recarburization 
and  after  holding  for  two  minutes,  the  heat  was  poured  and  Test  9 
was  taken.  The  analysis  of  Test  9  showed  :  C,  0.430  per  cent. ;  Mn, 
0,02  per  cent. ;  0,  0.029  per  cent. 

It  will  be  noticed  how  quickly  the  addition  of  the  hot  metal  de- 
oxidized the  bath. 

See  Plate  II.,  which  shows  micrographs  7,  8  and  9  (unetched)  and 
7a,  8a  and  9a  (etched).  No.  7  contains  fewer  and  also  smaller  pits 
(or  oxide  spots)  than  No.  8,  and,  in  No.  9,  the  spots  are  of  a  different 
nature;  not  oxide  pits,  since  they  contain  bright  centers.  (These 
are  probably  iron  phosphide,  out  of  solution,  as  there  was  about 
0.480  per  cent,  phosphorus  in  the  blown  metal,  and  this  was  thrown 
out  of  solution  when  the  recarburizer  was  added.)  It  will  be  noticed 
in  the  etched  micrograph  9a  that  the  ferrite  bands  contain  a  peculiar 
gray  center,  not  found  in  ordinary  steels,  which  is  phosphide  of  iron, 
or  steadite. 

The  three  tests,  Nos.  7,  8  and  9,  were  forged  with  the  following 
results : 

No.  7  fell  to  pieces  under  the  first  blow  of  the  hammer. 

No.  8  forged  readily  to  a  0.75  in.  square  bar. 

No.  9  fell  to  pieces  in  the  same  manner  as  No.  7. 

Nos.  7  and  9  (both  high  in  carbon)  contained  phosphide  of  iron, 
out  of  solution,  which  caused  them  to  break  during  forging. 


OVBR-OXXDATION    OF   STEBL.  2367 

Micrograph  8f  (Plate  ITL)  flhows  the  structure  of  No.  8  sample 
after  forging.  The  large  dark  gray  portion  is  a  blow-hole  forged 
together. 

Beat  D :  A  heat  of  42,340  lb.  was  blown  soft  immediately  after 
Heat  C,  and  Test  10  was  taken.  The  analysis  of  Test  10  gave :  C^ 
0.08  per  cent ;  Mn,  0.02  per  cent. ;  O,  0.027  per' cent. 

Then  the  vessel  was  turned  up  and  the  heat  given  a  five-minute  after- 
blow  and  Test  11  taken.  Test  11  analyzed  :  C,  0.02  per  cent. ;  Mn^ 
0.02  per  cent. ;  0,  0.048  and  0.049  per  cent. 

Then  7,620  lb.  of  hot  metal  were  added  to  the  vessel,  which  was 
manipulated  to  mix  the  bath,  and  Test  12  was  taken  immediately, 
the  analysis  being :  C,  0.648  per  cent. ;  0,  0.030  per  cent. 

The  heat  was  then  held  three  minutes  and  poured  out;  Test  13- 
was  taken  while  pouring  into  the  ladle.  The  analysis  of  this  test 
showed:  C,  0.610  per  cent.;  O,  0.023  per  cent. 

See  micrographs  Nos.  10  to  13  and  10a  to  13a  and  13ap  Plates 
in.  and  IV. 

Xo.  10  shows  less  oxides  than  No.  11, 

JTo.  11. — Some  parts  of  the  sample  were  better  and  some  worse  than 
the  part  photographed. 

Xo.  12. — ^This  piece  shows  less  oxides  than  No.  11. 

No.  13  shows  lower  oxides  than  No.  12.  The  large  spots  shown 
in  the  print  are  slag  inclusions. 

The  etched  pieces  are  shown  by  micrographs  10a  to  13a  and  ISa^. 
They  show  the  representative  structures  of  the  different  tests.  Nos. 
10a  and  11a,  not  having  much  carbon,  show  almost  pure  ferrite.  In 
11a  the  oxide  spots  occur  along  the  boundary  lines  of  the  crystals. 

Nos.  12a,  13a  and  13a^  show  the  tests  containing  the  higher  carbon 
(after  recarburization),  which  has  thrown  the  iron  phosphide  out  of 
solution.  The  ferrite  in  these  prints  contains  dark  centers ;  these  are 
the  iron  phosphide.  This  explains  the  nature  of  the  peculiar  spots  in 
the  unetched  tests,  Nos.  12  and  13,  which  are  not  of  the  same  appear- 
ance as  oxides.  Micrographs  lOf  and  llf  (Plate  IV.)  show  the 
appearance  of  the  respective  tests  after  forging.  The  gray  spots  are 
forged-out  blow-holes.     Note  the  absence  of  pearlite  in  these  tests. 

Test  blocks  Nos.  12  and  13  would  not  forge;  they  both  fell  to 
pieces  on  account  of  their  iron  phosphide  content. 

Heat  E.—To  48,340  lb.  of  hot  metal,  2,000  lb.  of  magnetic  ore 
was  added,  before  blowing,  with  the  object  of  reducing  the  time  of 
the  blow  and  of  studying  the  extent  to  which  the  steel  might  be 
over-oxidized.     Test  14  was  taken  immediately  after  the  blow.     Test 

Note. — Micrographs  marked  /  represent  the  structures  of  forged  tests,  after  etching. 
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fig.  St. — Stnictare  after  forging  and  etching. 
O,  0.064  per  cent. 


Fig.  13»,.— Etched. 


Fig.  10.— Unetched. 

(^0.08p 


tig.  lOo.— Etched, 
t.  i  O,  0.027  per  cent 


ig.  11.— Uoetcbed.  Fig.  11a.— Eicbed. 

C,  0.02  per  cent. ;  O,  0.048,  0.046  per  cent. 

Plate  HI. — A1.I:  Sections  HAGHirieD  140  DuHCTEna. 
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14  analyzed :  C,  0.08  per  cent. ;  0,  0.024  per  cent.  The  blow  just 
previous  to  this  one  (Heat  D)  and  the  one  following  (Heat  F)  each 
took  14  minutes  to  blo^v  soft,  while  this  heat,  E,  took  only  12 
minutes,  a  reduction  of  two  minutes.  From  the  oxygen  content  we 
see  that  the  steel  was  not  over-oxidized.  Xo  microscopic  samples 
were  taken  of  Heat  E. 

Meat  F: — 50,440  lb.  of  metal  were  blown  to  Q.25  per  cent,  carbon 
and  1,000  lb.  of  magnetic  ore  was  added  to  the  ladle.  A  violent 
reaction  took  place  in  the  ladle.  The  ladle  was  taken  to  the  open 
hearth  and  Test  15  taken  while  pouring  into  the  furnace.  The  time 
from  filling  the  ladle  to  catching  the  test  was  30  minutes,  thus  giving 
the  ore  time  to  act  and  the  bath  to  clear.  The  analysis  of  Test  15 
gave :  C,  0.13  per  cent. ;  0,  0.017  per  cent. 

It  is  interesting  to  note  how  low  the  content  of  oxygen  is  in  this 
steel,  30  minutes  after  the  ore  addition  to  ladle.  Xo  microscopic 
samples  were  taken  of  Heat  F. 

Heat  O : — We  then  blew  a  heat  dead  soft  before  adding  ore 
and,  further,  added  ore  to  the  vessel,  in  order  better  to  take  care  of 
the  reaction,  or  boiling  over.  To  carry  out  this  experiment,  48,000  lb. 
of  metal  were  blown  soft  and  Test  16  taken,  which  analyzed  :  C,  0.08 
per  cent. ;  0,  0.024  per  cent. 

While  the  vessel  was  resting  on  its  side,  1,000  lb.  of  ore  were  added 
and  five  minutes  allowed  for  the  reaction  to  take  place.  A  large  piece 
of  mixer  scull  (about  5,000  lb.)  remained  in  the  vessel  from  a  pre- 
vious heat  and  was  partly  melted  away  by  the  bath  while  holding  the 
metal  in  the  vessel  for  the  action  of  the  ore.  Test  No.  17  was  then 
taken.  Test  17  gave  the  following  analysis:  C,  0.14  per  cent.;  0, 
0.029  per  cent. 

Slag  from  this  heat  contained  48.42  per  cent.  SiO^.  The  carbon 
content  here  increased,  instead  of  decreasing,  as  w^ould  have  been 
expected  from  the  action  of  the  ore.  This  was  caused  by  the  pres- 
ence of  the  high-carbon  iron  scull.  Therefore  the  same  experiment 
w^as  repeated  when  the  vessel  was  clear  and  the  iron  hot. 

See  micrographs  16,  17,  and  17d,  Plate  V. 

Microsection  16,  taken  from  Test  16,  does  not  show  an  excessive 
amount  of  oxides,  the  large  spots  being  slag  inclusions. 

Nos.  17  and  17d  were  both  cut  from  Test  17;  17d  was  cut  from 
that  part  of  the  block  from  which  the  drillings  for  analysis  were  taken. 
The  steel  is  low  in  oxides  and  the  impurities  shown  in  the  micrographs 
are  manganese  silicate,  formed  from  the  mixer  scull  contained  in  the 
vessel.  An  analysis  made  on  Test  17  gave  0.058  per  cent,  mangar 
nese  silicate. 
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P'V-  16.  Fig.  17. 

C.  0.O8  per  cent.  T  C.  0.14  per  mul  ; 

O,  0.024  per  oenL  <),  0.029  per  cent. 


Fig.  nd.  Fig.  18. 

SiO„  0.058  per  cenl.  C.  0.07  per  cenu  ; 

O,  0.038,  0.037  pe 


Fig.  19.  Fig.  20. 

C  0.06  per  cent  C,  0.04  per  cent 

O,  0.028,  a029  per  cent.  O,  0.033  per  cent. 

SiO„  0.052  per  cent. 

PuTc  V, SiKPi>^  FBOM  Heats  O  and  H.  All  SEcnOH^  Maqxified  140  Diaketeies 
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Heat  H: — 47,000  lb.  of  metal  were  blown  soft  and  Test  18 
taken.  An  analysis  on  Test  18  showed :  C,  0.07  per  cent. ;  O,  0.038 
and  0.037  per  cent. 

As  in  Heat  6r,  1,000  lb.  of  ore  were  added  to  the  vessel,  and  Test 
19  taken  two  minutes  after. 

Test  19  analyzed :  C,  0.06  per  cent. ;  0,  0.028  and  0.028  per  cent. 

After  holding  five  minutes  longer,  the  ore  still  working  in  the  bath, 
Test  20  was  taken,  which  gave  the  following  analysis:  C,  0.04  per 
cent. ;  0,  0.033  per  cent. 

Slag  taken  from  this  heat  contained  87.36  per  cent.  SiO^,  showing 
that  the  ore  was  passing  into  the  slag  as  fast  as  melted.  Ordinary 
Bessemer  slags  contain  60  to  62  per  cent.  SiO^. 

Note  micrographs  18, 19,  and  20,  Plate  V.  The  oxides  found  with 
the  microscope  check  with  those  found  by  chemical  analysis.  Large 
spots  of  manganese  silicate  are  seen  in  print  No.  19.  Test  block 
No.  20  contained  segregations  of  this  impurity,  but  they  were  not 
photographed. 

The  drillings  from  Tests  17,  18,  19,  and  20,  after  removing  the 
oxygen  by  the  hydrogen  method,  were  used  for  determining  oxides 
by  the  iron-iodide  method.  Only  a  trace  of  FeO  was  found,  but  resi- 
dues of  0.058,  0.054,  0.052,  and  0.050  per  cent,  were  obtained,  which, 
on  examination,  proved  to  be  composed  entirely  of  manganese  sili- 
cate ;  hence  the  manganese  silicate  which  is  shown  in  micrographs 
17,  17d,  and  19.  Ordinary  steels  contain  a  residue  of  about  0.01 
per  cent. 

Heat  I: — The  opportunity  presented  itself  of  blowing  a  heat 
of  Bessemer  iron  (phosphorus  0.090  per  cent.).  This  was  first  blown 
for  0.75  to  0.85  per  cent,  carbon,  for  comparison  with  Tests  6,  7,  9, 
12,  and  13,  and  Test  21  was  taken.  An  analysis  of  Test  21  showed : 
C,  0.830  per  cent. ;  Mn,  0.30  per  cent. ;  P,  0.120  per  cent. ;  S,  0.031 
per  cent. ;  0,  0.017  per  cent. 

The  heat  was  then  blown  soft,  a  violent  reaction  taking  place,  and 
Test  No.  22  was  taken.  This  test  analyzed;  C,  0.16  per  cent. ;  Mn, 
0.10  per  cent. ;  P,  0.120  per  cent. ;  S,  0.030  per  cent. ;  0,  0.020  per 
cent. 

While  the  vessel  was  held  in  the  inclined  position,  1,000  lb.  of  ore 
were  added  and,  after  allowing  five  minutes  for  reaction.  Test  23,  was 
taken.  Test  23  analyzed  :  C,  0.10  per  cent. ;  M n,  0.03  per  cent. ; 
P,  0.120  per  cent. ;  S,  0.030  per  cent. ;  0,  0.040  per  cent. 

See  micrographs  21a,  22a,  23a,  21f,  22f,  and  23f,  Plate  VI.  Mic- 
roscopic sample  No.  23  showed  when  polished  the  highest  oxygen 
content.    All  these  micrographs  were  taken  after  etching  the  samples. 
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Fig.  22f. — Saunple  22  forged  and  etched.  Fig.  22*. —Etched. 

O,  0.020  per  cent.  C,  0.16  per  cent.  ; 

O,  O.OaO  per  cent. 


Fig.  2lf.— Sample  21  forged  lad  etched.  Fig.  23a.— Suople  t 

O,  0.018  pet  CBDl.  C,  0.10  per  cen 

O,  0.040  per  ce 


Fig.  23f.— Sample  2S  forged  attd  etched.  Fig.  21a.— Sample  21  etched. 

Pi.aTE  VI.— Sakpus  of  Heat  I  ok  Bbmeubr  Iboh.    All  Sections  Maqnifiei» 

140   Du  METERS. 


2874  OVBR-OXIDATION   OF   STEEL. 

Note  the  absence  of  iron  phosphide  in  the  high-carbon  Test  21a, 
this  being  because  the  phosphorus  is  low  as  compared  with  all  the 
previous  heats. 

These  tests,  21,  22  and  23,  all  forged  well.  '  The  high-carbon  Test 
21  was  the  only  one  in  this  high-carbon  series  which  we  were  able  to 
forge,  due  to  the  absence  of  phosphide  of  iron  out  of  solution.  Mi- 
crographs 21f,  22f  and  28f  show  the  etched  structures  of  the  respec- 
tive  forged  test  blocks ;  23f  contains  a  forged-out  blow-hole. 

For  the  purpose  of  verifying  our  analytical  results,  we  ran  check 
determinations  for  oxygen  on  the  forged  bars.  The  results  are  as 
follows : 

Oxygen  Content 


As  Cast.  As  Forged. 


I  Per  Cent.  Per  Cent. 

Test  Block  No.  8 0.0(»4  0.064 

Test  Block  No.  10 0.027  '        { J'J]^ 

Test  Block  No.  21 1  0.017  o!ois 

Test  Block  No.  22 0.020  O.O20 

Test  Block  No.  23 0.040  V^^ 


Forged  tests  10  and  23  were  ve^y  rough,  and  full  of  seams  and 
laps  (the  blocks,  as  cast,  being  of  a  bad  shape  and  difficult  to  forge 
properly),  and  the  drillings  were  not  clean.  It  was  impossible  to 
avoid  these  cracks  and  seams  in  drilling,  which  accounts  for  the?e 
tests  (10  and  23)  not  checking  with  the  original  oxygen  content  in 
the  blocks,  as  cast. 

It  will  be  noted  how  closely  tests  8,  21,  and  22  check;  these  forged 
tests  were  free  from  seams,  and,  therefore,  the  drillings  were  clean. 

Basic  Open  Hearth  Heaty  U-14,994 : — Test  24  was  taken  from  a 
basic  open  hearth  heat,  just  before  adding  ferro-manganese.  The 
bath  had  been  boiled  down  "  flat  "  and  held  for  some  time.  Follow- 
ing is  the  analysis :  C,  0.05  per  cent. ;  Mn,  0.05  per  cent. ;  P,  0.023 
per  cent. ;  S,  0.055  per  cent. ;  0,  0.024  per  cent.  It  will  be  noted 
that  the  oxygen  content  of  this  heat  is  low,  in  spite  of  the  fact  that 
the  heat  was  boiled  down  flat  and  held  some  time  at  a  high  tempera- 
ture, thereby  affording  the  best  conditions  for  over-oxidation. 

Micrograph  24  shows  the  oxygen  in  the  sample  as  polished.  This 
checks  satisfactorily  with  the  chemical  analysis  for  this  element. 

A  few  results  on  finished  open  hearth  steel  might  be  of  interest ; 
the  drillings  for  these  determinations  were  not  taken  from  test 
blocks,  but  from  the  finished  product. 
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Heat  No.                                   PetOtnt. 
E-21,276 0.018 

E-I7,244_ J^*"^ 

1.0.016 

E-22,377 0.018 

E-17,441 0.017 

E-ai,428 0.01» 

E-M,202. 0.019 

E-26,065. 0.017 
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Stmctural  Steel  {about  0.19  p.  e.  C.) 

Hwt  No.  PerTcSw'. 

E-14,096 0.024 

E-17,104 0.022 

E-22,0«8 0.019 

E-22,277 0.016 

E-24,063 0014 


Flo.  24.— Sample  fbom  a  Basic  Open  Hearth  Heat. 
C,  0.05  per  cent. ;  O,  0.024  per  cent    No  mangaaese  silioite. 


(her-Oxidation  of  Steel. 
Tlie  following  are  a  few  resalts  taken  while  working  basic  open 
hearth  heats,  making  strnctural  steel : 


PrallmtiMiT  Test  No.  2,  | 
Taken  at  Tapping,  )au  ' 
Before  Adding  FeMn 


0.019 


Another  basic  open  hearth  heat  of  0.60  per  cent,  carbon  was  rolled 
into  4-in.  aqnare  billets  from  a  10-in.  Bquare  ingot.  A  section  1  in. 
thick  was  cat  from  the  top,  middle  and  bottom  of  this  billet,  cor- 
responding to  top,  middle  and  bottom  of  the  ingot,  and  drillings 
were  taken  from  each  section  at  one-third  the  diatance  from  the  sur- 
face. These  drillings  were  mn  over  a  20-mesh  sieve  to  separate  the 
fine  from  the  coarse ;  oxygen  was  determined  in  each,  and  the  average 
oxygen  content  calculated  from  the  proportionate  weight  of  fine  and 
coarse. 
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Top 

Middle 
Bottom 


Drillings  Remaining  on 
20-Meeh  Sieve. 


Oxygen. 
Per  Cent. 

0.017 

0.010 

0.011 


Drillings  Pausing 
Through^Sleve. 


Oxyge; 
PerCei 

0.027 

0.020 

0.015 


n. 
nt. 


Oalculated 
Average. 


Oxygen. 
Per  Cent. 

0.019 

0.013 

0.012 


Oxygen  determiDatioDS  were  run  on  a  few  0.60  per  cent,  carbon 
crucible  steels,  and  showed  the  following  oxygen  content : 

Sample  No.  1. — Test  dipped  out  of  a  90-lb.  crucible  and  cast  into 
a  small  test  block  :  Oxygen,  0.014  per  cent. 

Sample  No.  2. — Test  dipped  out  of  a  1-ton  ladle ;  same  heat  as 
sample  No.  1 :  Oxygen  0.014  per  cent. 

Sample  No.  3. — ^Finished,  rolled,  bar :  Oxygen,  0.010  per  cent 

Sample  No.  4. — Rolled  bar  picked  out,  at  random,  from  the  stock 
rack :  Oxygen,  0.010  per  cent. 

Samples  1  and  2  were  dipped  out  of  the  bath  and  cast  into  small 
molds,  and  were,  therefore,  somewhat  porous,  which  no  doubt  ac- 
counts for  their  showing  slightly  higher  oxygen  than  the  finished 
bars,  which  were  solid. 

Summary. 

Every  effort  at  over-oxidation  was  made,  both  by  over-blowing  and 
by  ore  addition. 

1.  The  highest  oxygen  content  obtained  by  over-blowing,  were 
0.074  (in  Test  2);  0.064  per  cent,  (in  Test  8)  and  0.049  (in  Test  11), 
notwithstanding  that  the  tests  were  taken  immediately,  in  order  to 
get  the  highest  oxygen  possible.  Also  the  tests  were  cooled  quickly 
so  that  no  gas  could  escape  during  casting. 

2.  While  oxidizing  with  ore,  we  obtained  0.029,  0.028  and  O.038 
per  cent,  oxygen,  by  taking  test  samples  immediately  after  the  ore 
begins  working  through  the  metal.  When  time  was  allowed  for  the 
oxygen  to  escape  after  the  ore  addition  (as  in  Test  15),  a  content  of 
0.017  per  cent,  oxygen  was  found. 

8.  A  basic  open  hearth  heat,  under  oxidizing  conditions,  gave  only 
0.024  per  cent,  oxygen  (Test  24). 

4.  Judging  from  the  results  obtained  from  heats  G  and  JT,  it  ap- 
pears that  either  an  unfinished  heat  or  an  over-ored  heat  will  produce 
slag  inclusions,  such  as  manganese  silicate,  instead  of  iron  oxide. 

5.  From  these  results,  considering  the  manner  in  which  they  -were 
taken,  we  may  conclude  that  excessive  oxygen  leaves  a  bath  of  molten 
steel  in  a  very  short  time.  Also  that  deoxidation  is  readily  effected 
by  the  addition  of  hot  metal. 


OVER-OXIDATION   OF   8TBEL.  2377 

6.  It  will  also  be  noticed  that,  ander  the  same  conditions,  the 
higher  the  carbon  the  lower  the  oxygen. 

7.  Finally,  it  seems  highly  improbable  that,  under  the  usual  con- 
ditions of  Bessemer  and  open  hearth  practice,  with  the  addition  of 
recarburizers,  -that  a  steel  of  over  0.080  per  cent,  of  oxygen  can  be 
obtained,  and  that  the  highest  obtainable  under  any  conditions, 
without  recarburizing,  can  hardly  be  over  0.075  per  cent.  Results 
higher  than  this  must  be  from  drillings  improperly  taken,  or  from 
oxidation  that  occurred  during  teeming. 


TRANSACTIONS  OF  TH£  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[BUBjaCT  TO  BEVIBION.] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  In  person  at  the 
New  York  meeting,  October,  19ia,  when  an  abstract  of  the  paper  wUl  be  read.  If  this  is  impossible, 
Chea  discuBBion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
We3tS9th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
sathor.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1913,  when 
Vol.  XLVI.  of  the  TransacHoru  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
is  the  form  of  a  new  paper  for  publication  in  VoL  XLVII.  (with  suitable  croes  refereuces  in  both 
Tolames). 


The  Life  of  Crucible  Steel  Furnaces. 

BY  JOHN  HOWS  HALL,   NEW  YORK,   N.   Y. 
(New  York  Meeting,  October,  1913.) 

The  recently  announced  run  of  three  years,  nine  months  and  eleven 
days  made  by  a  crucible  steel  melting  furnace  of  the  Columbia  Tool 
Steel  Co.,  which  is  claimed  as  a  world's  record,  brings  forcibly  to  our 
attention  the  great  improvements  that  have  been  made  in  the  design, 
construction  and  operation  of  the  Siemen's  regenerative  crucible 
melting  furnace  since  its  introduction  in  this  country.  Credit  for 
this  advance  should  be  given  to  the  furnace  designer,  the  manufac- 
turer of  refractories,  and  the  operators  of  the  furnaces,  whose  per- 
sistent efforts  and  intelligent  co-operation  in  attacking  the  problem 
have  resulted  so  satisfa^jtorily. 

There  are  three  factors  that  determine  the  life  of  a  crucible  furnace, 
or  any  other  furnace  for  that  matter :  Design,  nature  of  refractories 
and  conditions  of  operation ;  (including  the  nature  of  steel  melted) 
and  to  some  extent  these  factors  are  interdependent.  Thus,  for  in- 
stance, if  a  crucible  furnace  is  to  be  operated  single  turn  and  allowed 
to  cool  off  considerably  at  night,  in  order  to  save  fuel,  the  use  of  clay- 
brick  melting  holes  may  be  ad\'isable,  since  silica  brick  is  not  well 
adapted  to  endure  repeated  heating  and  cooling.  But  the  total  life 
of  a  clay-brick  melting  hole  is  necessarily  short.  Again,  if  local  con- 
ditions such  as  danger  of  flood  make  necessary  the  building  of  the 
furnace  largely  above  ground,  so  that  the  radiation  of  heat  is  pro- 
moted, the  cooling  down  of  the  furnace  over  the  week  ends,  when  no 
steel  is  melted,  will  be  considerable — and  the  contraction  of  the  fur- 
nace that  results  tends  to  wrack  it  to  pieces. 

The  character  of  the  metal  being  ipelted  affects  the  life  of  the  fur- 
nace to  a  great  extent.  Low-carbon  steels  and  steels  made  from  iron 
and  charcoal  require  higher  temperatures  and  much  longer  melting 
time  than  high-carbon  steel  or  steel  made  largely  from  scrap ;  the  life 
of  the  furnace  will  be  shorter,  and  the  number  of  heats  melted  will 
be  much  less,  when  such  materials  are  melted. 

The  figures  available,  showing  the  life  of  furnaces,  are  for  this 
reason  especially  not  strictly  comparative,  since  the  variations  in  the 
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steel  melted  undoubtedly  affect  the  life  to  a  greater  or  less  extent. 
Probably,  however,  the  method  of  handling  is  as  important  a  factor 
as  the  material  melted  in  determining  the  life  of  a  furnace  of  given 
design  and  construction. 

Originally  the  melting  holes  of  the  regenerative  gas  fired  crucible 
furnace  were  lined  with  first  quality  firebricks.  One  of  the  leading 
builders  of  furnaces  reports  that  when  the  Siemens  furnace  was  first 
introduced  in  this  country  the  life  of  a  furnace  was  from  four  to  six 
weeks;  the  short  life  was  due  in  great  part  to  lack  of  familiarity  with 
the  furnace  on  the  part  of  the  men  in  charge.  As  the  workmen  grew 
more  skillful  in  handling  the  furnaces,  this  life  was  gradually  in> 
creased  to  six  months  by  retopping,  and  in  some  cases  to  nine  months 
or  one  year,  by  retopping  twice  (by  retopping  is  meant  rebuilding  the 
upper  portions  of  the  melting  holes).  These  records  were  made  a 
number  of  years  ago  in  four  or  more  leading  Eastern  shops. 

A  prominent  manufacturer  of  refractory  materials  gives  the  follow- 
ing figures  for  the  life  of  melting  furnace  in  several  different  shops 
with  melting  holes  lined  with  first  quality  firebrick. 

Plant.  LiiiB  of  FuniAce  in  Months. 

1 8to4 

2 4 

3 >  6  to  6 

4 6 

5 12 

No  details  of  design,  or  nature  of  steel  being  made  are  given,  but 
the  average  very  short  life  of  furnaces  with  clay-brick  melting  holefr 
is  quite  evident. 

When  the  melting  holes  are  lined  with  silica  brick,  the  life  of  the 
furnace  is  greatly  increased,  as  the  figures  in  the  following  table 
show: 

Lift  of  Furnace 
Authority.  Plant.    Mo.  Days.      Heats.  No.  Fb. 

Furnace  builder,  2,000           Avera^ 

Crucible  steel  maker,    ...                A        6-16  ATerage 

Crucible  ateel  maker,    ...                B    f  14-1 S.  5  Average 

B  \  16  average 

Crucible  steel  maker,    ....         C      IS  (1) 

C      19  (1) 

Q    f  16-21  Average 
\  18  average 

Manufacturer  of  refractories,               D      14  (1 

Manufacturer  of  refractories,               D      19  (1 

Manufacturer  of  refractories,               D      24  (1^ 

Manufacturer  of  refractories,               £      12  0      1,418               (1 

Manufacturer  of  refractories,               E      14  12      1,720               (1 

Manufacturer  of  refractories,               £      16^  0      1,897               (1 

Manufacturer  of  refractories,               £      17  22      2,126*             (1) 

Manufacturer  of  refractories,               £      18  4      2,186               (1 

Manufacturer  of  refractories,  F      28  (1 

Manufacturer  of  refractories,  F      46  (1 

Manufacturer  of  refractories,  Q      11  (1 

*  Heats  made  as  follows :  Projectiles,  1,326  heats  ;  high-speed  steel,  326  heats  ;  magnet 
steel,  260  heats;  chrome- vanadium  steel,  40  heats;  nickel  steel,  25  heats  ;  castings,  1-^ 
heats ;  carbon  steel,  70  heats ;  miscellaneous,  76  heats ;  total,  2,126  heats. 
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These  figures  are  not  improbably  duplications,  in  some  cases ;  that 
is,  no  doubt  the  same  furnace  may  occur  in  the  reports  of  both  steel 
maker  and  maker  of  refractories. 

Compared  with  these  records  we  have  that  of  the  Columbia  Tool 
Steel  Co.,  of  a  continuous  run  of  45  months  and  11  days,  for  a  total 
of  6,290  heats;  the  material  melted  is  said  to  have  been  <<  high-grade 
high-carbon  tool  steel."  The  high-carbon  steel  of  course  does  not  re- 
quire as  high  a  heat  as,  for  instance,  cast  steel  of  0.25  per  cent.  C  or 
alloy  steels  (Ni  or  Cr- V.)  of  0.80  per  cent.  C,  but  probably  the  reasons 
for  long  life  of  this  furnace  are  first,  good  design ;  second,  good  re- 
fractories ;  third,  careful  handling. 

There  are  several  features  of  the  design  of  this  furnace  that  are 
worthy  of  notice.  A  strong  foundation  was  provided  to  guard 
against  settling  and  consequent  wracking  of  the  furnace ;  the  furnace 
was  set  with  the  working  floor  only  about  81  in.  above  the  ground 
level,  so  that  the  radiation  of  heat  was  minimized,  tending  to  dis- 
courage contraction  of  the  furnace  and  consequent  wracking  of  the 
brick  work ;  and  the  walls  between  checker  chambers  which  are  fre- 
quently but  12  in.  thick  were  made  18  in.  thick  to  insure  against  the 
leakage  of  gas  into  air  chambers  and  flues  that  commonly  occurs 
when  the  furnace  grows  old.  The  holes  were  lined  with  silica  brick 
of  standard  make ;  breast  walls,  flues  between  checker  chambers  and 
melting  holes,  checkers,  etc.,  were  of  first  quality  clay  or  firebrick. 

The  Columbia  Tool  Steel  Co.  states  that  great  pains  were  taken  in 
the  operation  of  this  furnace  to  maintain  the  temperature  as  uniform 
as  possible  at  all  times,  especially  over  the  idle  week-end ;  and  that 
although  several  new  tops  have  been  put  on  the  melting  holes,  and  a 
new  middle  wall  built  in,  the  furnace  was  when  shut  down  for  general 
repairs,  still  in  fairly  good  shape.  This  is  a  remarkable  record,  after 
such  a  long  campaign. 
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Cement  Materials  and  the  Manufacture  of  Portland  Cement  in 

Montana. 

BT  W.   H.    ANDREWS,*  TRIDSNT|   MONT. 
(Butte  Meeting,  August,  1918.) 

The  constantly  iuereasing  consumption  of  Portland  cement  in  the 
State  makes  the  above  subject  of  particular  interest  at  this  time.  The 
iuereasing  demand  is  due  to  the  rapid  settling  of  the  country  and  the 
fact  that  new  uses  are  being  found  frequently  for  the  above  named 
commercial  article.  The  industry  is  one  that  is  bound  to  grow  as  the 
population  increases,  and  this  being  the  case  it  may  be  well  at  this 
time  to  consider  briefly  the  matter  of  the  chemical  and  physical  com- 
position of  proper  raw  materials. 

A  cement  mixture  is  one  that  contains  approximately  75  per  cent, 
carbonate  of  lime,  15  per  cent,  silica,  and  5  to  7  per  cent,  alumina 
and  iron  oxides ;  the  other  elements  being  magnesium  carbonate  and 
small  quantities  of  the  rarer  elements  generally  associated  with  lime- 
stone deposits.  It  can  be  readily  seen  from  the  above  composition 
that  it  18  possible  to  build  up  this  mixture  from  a  number  of  different 
materials. 

First — ^A  rock  high  in  carbonate  of  lime  can  be  mixed  with  clay 
or  shale  in  such  proportions  as  to  bring  about  the  desired  composi- 
tion; the  chief  dijBBculty  in  the  building  up  of  such  a  mixture  is  that 
it  is  hard  to  find  a  clay  or  shale  in  which  the  silica-alumina  ratio  lies 
between  4  to  1  and  3  to  1  and  at  the  same  time  shows  physical  charac- 
teristics which  will  make  certain  its  adaptability  to  the  practical 
manufacture  of  Portland  cement.  Very  often  clays  or  shales  are 
found  which  are  right  checiiically  but  contain  large  quantities  of  grit 
or  free  silica.  Such  clays  or  shale  must  be  ground  to  extreme  fine- 
ness in  the  mixture  in  order  to  make  the  silica  and  alumina  combine 
with  the  lime  when  the  mixture  is  burned.  On  the  other  hand,  clays 
or  shales  are  often  found  that  have  the  proper  physical  characteris- 
tics but  in  which  the  amount  of  alumina  is  too  great. 

Second. — A  mixture  can  be  built  up  of  dift'erent  limestones  some  of 

*  Non-member. 
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which  run  above  the  75  per  cent,  requirement  and  others  below; 
these  limestones,  however,  must  contain  the  right  proportions  of 
silica  and  .alumina  and  must  possess  the  proper  physical  character- 
istics. 

Third, — A  large  percentage  of  the  Portland  cement  marketed  in 
the  country  was  formerly  manufactured  from  marl  and  clay,  but  on 
account  of  the  low  specific  gravity  of  the  marl  and  the  large  organic 
content,  this  method  has  given  way  to  the  making  of  cement  from 
different  kinds  of  rock. 

Fourth. — ^A  limestone  containing  approximately  the  75  per  cent. 
carbonate  of  lime  required  is  sometimes,  but  rarely,  found.  Such  a 
stone  is  called  "  cement  rock."  If  such  a  deposit  contains  the  silica 
and  alumina  in  the  proper  ratio  and  the  corrective  materials  occur 
in  the  same  quarry,  the  property  is  of  value.  It  can  be  readily  seen 
that  a  natural  mixture  can  be  handled  in  such  a  manner  as  to  pro- 
duce the  best  possible  product  with  the  least  trouble  in  the  manu- 
facture. 

An  example  of  cement  rock  is  the  Trenton  rock  of  the  Lehigh 
valley,  Pennsylvania,  from  which  large  quantities  of  Portland  cement 
are  manufactured.  It  must  be  borne  in  mind,  however,  that  in  all 
of  the  above  named  methods  the  materials  used  must  be  low  in  mag- 
nesia and'free  irom  sulphur. 

In  regard  to  the  process  of  manufacture  it  might  be  said  that  the 
advancement  has  been  remarkable  during  the  past  few  years.  The 
tendency  has  been  toward  fewer  units,  with  larger  capacity  per  unit. 
One  of 'the  large  rotary  kilns  of  to-day  will  do  the  work  of  five  of  the 
kilns  in  common  use  10  or  12  years  ago.  The  same  is  true  of  ma- 
chinery for  the  preparation  of  the  raw  materials  and  the  grinding  of 
the  finished  product. 

Montana,  up  to  date,  has  but  one  cement  plant  in  operation: 
that  of  the  Three  Forks  Portland  Cement  Co.,  located  at  Trident, 
just  below  the  Three  Forks  of  the  Missouri  river  on  the  Northern 
Pacific  Railway.  This  plant  manufactures  the  "  Red  Devil "  brand 
of  cement  and  has  been  in  active  operation  since  June,  1910.  This 
plant  uses  for  its  raw  materials  a  cement  ro'ck  of  Devonian  age. 

The  mill  was  constructed  by  F.  L.  Smith  &  Co.  and  is  an  example 
of  an  up-to-date  plant.  The  rock  is  loaded  in  the  quarry  by  two 
80-ton  Bucyrus  steam  shovels  into  bottom-dump  steel  cars.  These 
cars  are  hauled  by  a  steam  locomotive  a  short  distance  to  the  crusher 
house,  where  they  are  discharged  into  a  No.  9  crusher  which  has  a 
much  greater  capacity  than  the  mill's  regular  requirement  This 
crusher  reduces  the  rock  to  about  2-in.  size  and  under ;  the  oversize 
is  sent  to  a  smaller  crusher  before  going  to  the  blending  bins. 
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After  being  crushed,  the  rock  is  elevated  to  the  top  of  what  are 
known  as  blending  bins — these  are  eight  in  number,  having  a  capac- 
fty  of  200  tons  each,  four  being  on  one  side  of  the  scale  hopper  and 
iour  on  the  other  side.  The  rock  running  higher  in  carbonate  of 
lime  than  the  required  mix  is  kept  on  one  side  of  the  mixing  scales 
and  the  rock  lower  in  carbonate  of  lime  than  the  required  mix  is  kept 
on  the  other  side.  As  the  rock  drops  to  the  bins,  it  passes  through 
equalizing  drums  and  is  automatically  sampled.  The  resulting  sam- 
ple is  ground  and  removed  to  the  laboratory  for  chemical  analysis. 

The  rock  in  the  different  bins  having  been  carefully  analyzed,  the 
raiyture  is  calculated  by  the  chemist.  The  rock  is  then  conveyed  to 
the  scale  hoppers  by  belt  conveyors  which  travel  underneath  the  bins. 
Here,  the  high  and  low  rock  is  weighed  off  in  the  proper  proportion. 
By  the  method  of  sampling  in  use,  it  is  possible  at  all  times  to  keep 
the  cement  mixture  the  same.  Prom  the  scale  hoppers  the  rock  is 
elevated  to  a  bin  over  the  dryer.  The  rock  in  passing  through  the 
dryer  is  deprived  of  its  moisture.  This  puts  it  in  condition  for  fine 
grinding.  From  the  rotary  dryer,  which  is  fired  by  producer  gas, 
the  rock  is  elevated  to  bins  over  grinding  mills,  called  "  kominuters." 

The  kominuters  are  large  drums,  revolving  on  horizontal  shafts. 
The  drums  are  lined  with  perforated  steel  plates  and  surrounded  by 
screens  set  at  such  an  angle  as  to  return  automatically  all  coarse 
material  to  the  mill  for  regrinding.  The  grinding  is  accomplished 
by  large  steel  balls  which  are  given  a  tumbling  action  as  the  mill 
revolves.  The  raw  rock  is  ground  in  these  mills  to  a  fineness  of 
about  80  per  cent,  passing  a  20-me8h  screen.  Samples  of  the  pro- 
duct of  these  mills  are  taken  every  two  hours  to  the  laboratory  for 
fineness  test  and  chemical  analysis. 

From  the  kominuters  the  partially  ground  material  is  elevated  to 
bins  over  the  tube  mills,  into  which  mills  it  passes  for  the  finished 
grinding.  The  tube  mills  are  22  ft.  long  by  6  ft.  in  diameter.  These 
mills  are  divided  into  two  compartments  by  a  perforated  plate  placed 
5  ft.  from  the  discharge  end.  The  large  end  of  the  mill  is  filled  with 
pebbles  and  the  small  compartment  with  what  are  known  as  cylpebs. 
These  cylpebs  are  small  cylindrical  pieces  of  steel.  Both  compart- 
ments are  filled  nearly  half  full  with  pebbles  and  cylpebs.  The  mills 
make  about  25  rev.  per  min.,  the  material  being  fed  constantly 
through  a  small  screw  conveyor  from  the  bin  to  the  pebble  end  of  the 
mill.  The  cylpebs  increase  the  efficiency  of  the  mill,  making  possible 
larger  capacity  and  greater  fineness. 

The  raw  mix,  which  is  finished  to  a  fineness  of  90  per  cent,  passing 
a  100-mesh  sieve,  is  sampled  and  analyzed  every  two  hours,  during 
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the  24,  and  passes  through  screw  conveyors  and  bucket  elevators  to 
the  bins  over  the  rotary  kilns.  The  kilns  are  two  in  number,  9.5  ft 
in  diameter  by  140  ft.  in  length  and  having  a  combined  capacity  of 
1,600  to  1,800  barrels  daily. 

The  fuel  used  is  powdered  coal,  mined  at  Red  Lodge.  This  coal 
is  ground  to  a  fineness  of  95  per  cent,  passing  lOO-mesh  sieve  and  is 
blown  into  the  front  end  of  the  kilns  by  an  air  pressure  furnished  by 
large  fans.  The  coal  therefore  burns  with  a  flame  very  much  like 
gas,  raising  the  heat  in  the  lower  part  of  the  kilns  to  about  3,000°  F. 

The  raw  material  is  fed  into  the  upper  end  of  the  kiln  through  a 
screw  conveyor  and  as  the  kiln  is  set  on  a  slight  angle  and  revolves 
slowly,  the  mix  travels  toward  the  discharge  end.  As  it  passes 
through  the  heat  zone  the  carbonic  acid  is  driven  off  and  the  lime 
carbonate  is  changed  to  lime  silicates  and  aluminates.  It  can  be 
seen  that  careful  preparation  of  the  raw  materials  is  necessary  to 
bring  about  the  proper  combination  of  the  lime,  silica  and  alumina. 
During  this  process,  the  powdered  mix  undergoes  a  physical  as  well 
as  a  chemical  change.  It  enters  the  kiln  a  light  colored  powder  and 
is  discharged  in  the  form  of  white  hot  clinkers,  changing  to  dark 
green  and  black  when  cooled,  and  varying  in  size  from  that  of  a 
small  pea  to  several  inches  in  diameter.  Chemically,  these  clinkers 
are  now  Portland  cement,  but  it  is  necessary  to  grind  them  to  a  very 
iine  powder  in  order  to  have  commercial  Portland  cement. 

The  clinker  passing  from  the  kilns,  white  hot,  is  caught  in  a  large 
elevator  and  carried  to  a  rotary  cooler.  The  cooling  is  accomplished 
by  natural  draft.  From  the  cooler,  it  is  elevated  and  discharged  into 
the  storage  yard.  From  the  yard,  the  clinker  is  taken  through 
a  tunnel  by  belt  conveyor  and  elevators  to  the  final  grinding  room. 
The  grinding  of  the  finished  product  is  accomplished  by  kominuters 
and  tube  mills,  which  have  been  described  in  the  grinding  of  the  raw 
materials.  It  is  necessary  at  this  stage  of  the  manufacture  to  add  2 
to  3  per  cent,  of  raw  gypsum  to  regulate  the  setting  time. 

As  the  finished  cement  drops  from  the  tube  mills  it  is  sampled 
every  two  hours  and  taken  to  the  laboratory  for  physical  tests  and 
chemical  analysis.  The  cement  then  passes  by  means  of  screw  and 
belt  conveyors  and  bucket  elevators,  to  the  stock  house,  where  it  is 
stored  until  required  for  shipment. 

The  stock  house  is  of  reinforced  concrete  and  has  a  capacity  of 
40,000  barrels  of  cement.  It  is  divided  into  five  bins  or  compart- 
ments. From  these  stock-house  bins,  the  cement  is  conveyed  and 
elevated  to  eight  packing  hoppers,  each  having  a  capacity  of  about 
1,000  barrels,  from  which  it  is  fed  to  the  packers. 
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The  product  is  shipped  in  duck  and  barlap  bags,  95  lb.  to  the  sack, 
and  foar  sacks  to  the  barrel.  As  each  car  is  loaded,  samples  rep- 
resentiog  the  contents  are  taken  and  sent  to  the  laboratory  for  con- 
firming tests.  From  the  time  the  raw  material  leaves  the  quarry  until 
the  finished  product  goes  into  the  cars,  it  is  not  touched  by  hand. 

Cement  machinery  is  ponderous  and  the  wear  and  tear  tremendous 
— competent  superintendence  and  skilled  operators  are  necessary  in 
the  manufacturing  end.  As  has  been  mentioned  elsewhere  in  this 
article,  the  process  of  cement  manufacture  has  undergone  a  wonder- 
ful evolution  during  the  past  few  years.  Old  style  mills  cannot  keep 
pace  with  the  more  modern  ones,  either  in  the  quantity  of  output  or 
quality  of  the  finished  product.  Specifications  are  now  drawn  up 
wjth  a  view  of  finding  every  possible  weakness  in  the  cement  as 
marketed.  The  strength  required  is  greater,  and  realizing  the  im- 
portance of  sand  carrying  power,  the  railroads  and  different  munici- 
palities are  demanding  greater  fineness.  The  Auto  Clave  test  has 
been  invented  to  prove  beyond  question  the  absolute  soundness  of 
Portland  cement.  These  requirements  can  only  be  met  by  the  mills 
that  are  modern  or  have  kept  up-to-date  and  the  public  is  guaranteed 
safety  when  it  uses  cement  that  has  passed  standard  specifications, 
provided  the  work  is  properly  done  and  the  proper  aggregates  are 
used. 

Cement  materials  are  rather  widely  scattered  throughout  the  State, 
the  difiSculty  being  to  find  all  the  materials  together  and  the  location 
suitable  with  regard  to  market.  Doubtless,  in  time  other  plants  will 
be  built  in  the  State,  but  at  present  the  one  mill  in  operation  is  easily 
able  to  supply  the  State  and  in  fact  is  obliged  to  market  part  of  its 
product  in  adjoining  States. 


BULLETIN,  A.  I.  M.  E-ADVERTISING  SEt.TIOS. 

Sullivan 
Diamond  Drills  are  ReUable 

You  can  take  a  Sullivan  Diamond  Drill  to  the  most 
out-of-the-way  corner  of  the  world,  far  from  any  repair 
shop,  with  confidence  that  it  will  work  there,  faithfully, 
month  in,  month  out,  without  costly  delays  or  breakdowns. 

A  set  of  dia- 
mond drill 
cores  is  the 
surest  evi- 
dence you 
can  get  as  to 
the  extent 
and  value  of 
your  ore  de- 
posits, and 
will  enable 
you  to  count 
as  "  Ore  in 
sight,"  what 
would  other- 
wise be  "es- 
timated re- 
serves." 

Catalogue 
865-A. 

SuUlTkn  Bravo  Diamond  Drill,  opentcd  by  CooJieK.  North  Chins. 

Rock  DriUs  E-  Hammor  Drilb 

Diamond  Drills  '^"^  Coal  Cutten 

SULLIVAN  MACHINERY  CO. 

122  So.  Michigan  Ave.,  Chicago,  111. 

BlmiiDsbaiii.  Al>.  Denrer,  Colo.  London,  Eng.  rarli.  Fnnce  SeslUc 

BoMoD  El  Puo  Montreal  PItuburi  Spokans 

BntM,  HoDt  Joplln,  Uo.  Nalion,  B.  C.  Salt  Lake  St.  Loali 

Cobalt,  Ont.  KnoXTUl«  Naw  York  San  Fnncluo  Sjiaej.U.S.W. 
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""  W.  &  L.  E.  QURLEY  "" 

TROY,   N.  Y. 

LARGEST   MANUFACTURERS    IN    AMERICA 
or 

Field  Instruments  for  Mining  and  Civil  Engineers 


AIM  mnkon  of  ACCURATE  THERMOMBTBRS 

PHYSICAL  AND  SQBNTIRC  LABORATORY:APPARATl» 
STANDARD  WEIGHTS  AND  MEASURES 

■RAHCB  rACTORY,  N*.  JIJ  MARITIME  BUILDIK<^ 

8«nd  tot  Qtulay's  lluiiul 
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St( 


rs  For  Any  Ground 


•  ]• 


There's  some  stoper  that  i8  "the  best  stoper  "  for  each  particu- 
lar kind  of  ground.  Unless  you  find  that  "  best  stoper  " 
for  your  ground,  you're  going  to  be  working  at  a  disad- 
vantage— not  getting  all  out  of  your  drill  that  you  should. 

How  are  you  to  find  that  "best  stoper" 
for  your  work  ? — that's  the  question. 

In  the  first  place,  go  to  the  builder  who 
has  not  one,  but  many,  stoper  types 
to  sell.  That  means  variety  to  chose 
from. 

And  put  your  particular  problem  up  to 
that  builder's  drill  men — preferably 
with  a  sample  of  your  rock — and  ask 
them  to  recommend  the  best  drill  for 
your  needs. 

The  builder  with  the  largest  line  will 
have  the  largest  experience,  for  his 
diversified  line  will  be  the  result  of 
experience.  And  having  many  types, 
he  will  be  interested  only  in  selling 
you  the  stoper  that  will  give  you  the 
best  satisfaction. 

All  of  which  is  preliminary  to  the  state- 
ment that  the  Ingersoli-Rand  line  of 
stope  drills  offers  you  the  complete 
assurance  of  getting  the  best  stoper 
for  your  ground — for  two  reasons. 

First,  the  Ingersoll-Rand  stoper  line  af- 
fords a  larger  variety  of  types  than 
any  other.  ^ 

Second,  the  Ingersoll-Rand  stoper  line  represents  the  "  know 
how"  of  forty-two  years  of  mining  experience— more  than 
any  one  else  can  oflfer. 

There  is  an  Ingersoll-Rand  Stoper  for  every  ground. 

INGERSOLL-RAND  CO. 


NEW  YORK 


LONDON 


COMPRESSORS 


OfffloM  tho  World  Ovor 


ROCK  DRILLS 


CORE  DRILLS 

SI>-7 


(3) 
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The 
Development 

of  Storage  Battery  Locomotives 
^^  for  use   in   mines   dates   from 

the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — wet  or 
dry,  hot  or  cold — for  anyone- 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage   Battery  G>. 

165  Lakeside  Avenue,  Orange,  N.  J. 
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ne  SLOOMM  Of  rue  CAmsftoM—-  chamctch  .■  ne  ohmdist  thim  - 

CAMERON 
Centrifugal  Pumps 

For  High  Efficiency 


CAMERON  CENTRIFUGAL  PUMPS  have  not  only  proved 
their  efficiency  for  ordinary,  everyday  service,  but  repeated 
tests  under  the  hard  conditions  prevailing  at  the  PAHAHA  CAMAL 
quickly  proved  their  superior  efficiency. 

Built  upon  the  latest  and  most  correct  principles,  they  embody 
only  those  features  of  design  and  construction  which  will  insure 
the  highest  efficiency,  as  well  as  the  lowest  maintenance  cost. 

You  will  note  from  the  illustration  that  the  Cameron  Double 
Suction  Volute  Centrifugal  Pump  is  very  simple  and  compact  in 
construction,  and  it  is  strong  all  the  way  through.  The  hori- 
zontally split  casing  permits  ready  access  to  all  parts — a  feature 
that  practical  mining  men  will  appreciate. 

If  you  will  just  remember  that  combined  with  these  advan- 
tages is  the  Cameron  quality  of  materia!  and  workmanship,  your 
pump  purchasing  problems  can  be  more  easily  solved. 

Bulletin  No.  jj  contains  valuable  information.     It's  free. 


A.  S.  Cameron  Steam  Pump  Works 

II  Bivadway,  New  York 
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"Has  given  us  better  satisfaction 
than  any  other  belt  we  ever  used" 


This  IB  what  a  large  mining  and  smelting  concern  recently 
wrote  us  about  a 

GOODRICH  ^'^|^tT°'* 

In  the  same  letter  they  said  :  "  Our  principal  use  for  this  belt  'u 
to  elevate  granulated  copper  slag.  One  of  these  elevators  ele- 
vates four  or  five  hundred  tons  per  day  of  24  hours.  You  can 
readily  see  that  the  demand  made  upon  these  belts  is  very  severe." 

WrUe  for  ^rlher  partttttlmrt. 

The  B.  F.  Goodrich  Company 

FkGtoiJM:  AKRON,  OHIO 


Star  Portable  Drilling  Machines 


80UIPPED  f-OB  8TE1M.  tIAS  OR  ELECTBICAL  POffEB. 

ForWtterWella— Oil  uid  Gas  Wells— Mineral  Prospecting— Railroad  and  Caiwl 
EicaTations — Cemtnl  uid  Crushed  Stone  Quamei — Bridge  Souadingl— Owl 
Mine  Ventillalion — Irrigation,  Eic.  Write  for  lUmtrated  Catalee- 

THE  STAR  DRILLING  HACHIITE  COMPANY, 
(iBMralOllocB:  Akriti,  Ohio.    Branch  QllloB :  2  Riotor  St.,  New  YtrkCtty. 

Werki  1  Akron,  Ohlo.~Ch«aut*,  Kaniai.— Porttud,  Orefon.— I^Bg  Beach,  Ctf . 


BULLETIN,  A.  I.  M.  E.— ADVERTiaiNG  SECTION. 

Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

These  inttniiiieHb  are  irf  the  same  standard  qnaUtraBd  possett 
tke  same  features  of  doralMlitr  and  workmanship  as  the  well- 
kiowB  WestoD  standard  D.  C  initnimeiits.  They  are  so  low 
n  price  as  to  be  within  the  reach  of  aD  nicrs  <rf  clccttical 
■easniing  uutnunciits. 

Weston  A.  C.  instniments  arc — 
Dead  Beat 

Extrenelr  SenntiTe 

PracticaHy  Independent  of 

Wave  Form  od  Temperature 
'  Error,  and  require  very  Little 

Power  to  Iterate 


FOR  D.C.  CIRCUITS  OF  SMALL         Swticf>6oud  A.C 
MINE  PLANTS  butnimeal 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

■re  wdl  suited.  They  are  of  the  "  soft-iron  "  or  Electro- 
macnetic  type,  remarkably  accurate,  well  made,  nicely 
finished,  and  especially  low  in  price.  Weston  Eclipse  in- 
itnunents  are  far  in  aavance  of  all  preceding  forms  of  the 
softiiron  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Pauk,  Newark,  N.  J.,  U.  S.  A. 

Naw  York  Offloa  i  114  Ubertj  Street. 

Londsn  Branch  ;  Audrey  House,  Ely  Place,  Holboni. 

PmriB,  Fr*nM  :  E.  H.  Cadiot,  11  Rue  Si.  Georges. 

Barlln :  Eorapeui  WeMon  InunuDenl  Co.,  Ltd.,  Schoaeberg,  Geaeu  Str.,  5. 
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The  Safest  Mine  LocomotiTe  Made 

A  BOVE  ia  shown  a  9^x14" double Unk,  coD)pi««ecl-air,  VULCAN  Mine 
^  Loconiolive,  built  for  Penusylvmia  Coal  Co.,  I^tlitoD,  Pa.  It  is  the 
ideal  lo<!OOiotive  for  UDdergronod  work,  being  perfectly  mfe  in  the  densect 

VULCAN  Mine  Locomotives 

The  large  and  the  small  tanks  OD  the  locomotive  pictured  ftborebftveaea^- 
city  of  142,251  and  119,790  cubic  inches  ot  sir  reepectiTelT,  and  are  easily 
recharged.    Our  eiperieace  and  success  in  manufacturing  VULCAN  loco- 
motives of  all  claases  are  your  mfegaard  in  bnyin^. 
Send  a  postcard  today  for  free  book  ou  locomotives. 

Vulcan  Iron  Works 

1744  Main  Street     -      -     Wilkes-Barre,  Pa. 

.\f,titrs  of  Hsisis  and  Olhrr  Mini  Marhiniry. 


ThA   StanriArH 
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JEFFREY 
Centrifugal  Fans 

deliver  large  volumes  of  all 
at  low  speed  and  with  mln- 
imnm   power  consnmptioii. 

The  type  of  fan  illustrated 
is  especially  adapted  for  the 
ventilation    of  tunnels,    or 

,  where  a  single  entry  sys- 

tem is  used. 

Jtifrtj   Fans  for  the  Ventilation  of   Metal   Mines  are  designed 

especially  for  this  work. 

They  arc  equipped  with  expansion  discharge  and  self-contained, 

requiring  small  expense  for  installation. 

Write  fl>r  the  incwil  complete  Fan  CaUloft  ever 
ISNoed  on  the  Hul^t;vt  ofMlne  Ventllsllou. 

JEFFREY  MFG.  COMPANY,  Columbus,  Ohio 


Longest  Service  I        Most  Economical! 

Adamantine  Chronne  Steel 

SHOES  AND  DIES 

FOR  STAMP  MILLS 

Canda  Self-Locfalns  Cams 

Tappets     t     Bosalieads 

Cam  Shafts     t     Stamp  Stems 


Bepnaenled  bj : 
I.  r.  SpallnuD.  Pint  NaCl  B<tDk  Bldg..  D«DTer,  Col. 

O,  W.  Ujtn,  KobI  BIdf .,  San  Franclaoo,  Cal. 
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UNIVERSAL  DANGER  SIGNAL 


Thii  SlcDul  1*  Ind 


uctiblc.  (ha  col- 
ed  on  ■  ■heit  of 
.dcri6Mda(TM« 


with  the  DicHiitr  orprintlQi  ■icnali 
Ib  dlRereot  loaluacgm  far  nen-EDSllifa 
■pcoklDi  cmploroH.  Ooca  ciplolned 
to  tbem  by  ode  in  *u()iarltr  it  i>  in- 
delibly Impnucd  upon  thoir  mlndi  for 
■11  time.  obey  (hit  3i|na 

Made  ■□  any  desired  size.     Sketche)  uid  piicel  for  any 
kind  of  eounelcd  steel  tign  fumished  withoat  chuge. 

J.  W.  STONEHOUSE,  907-909  Eighteenth  Street, 
DENVER,  COLORADO. 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

T*  tbe  Tnuuadioiu  of  the  American  hutitnte  itf  Mining  Engioeen 

VOLUMES  I  to  XXXV— 1871  ta  1B04 
706  pag«a,  6  hy  9  Inahsa. 

Bound  In  aiath ^.00 

Bound  In  half-marooeo $6.00 

VOLUMES    XXXVI  to  XL— 1906  ttf  1909 
186   p>g«a,  S   by  9  Inchaa. 

Baund  In  cloth $1.60 

Bound  In  half-moroooo $2.60 

Taken  together  theae  two  mdexea  furniah  in  oonvenient  Fotid  for  leady 
reference  everything  of  importaDce  contaiaed  io  the  JVantaetiitnii,  and  glTe 
to  both  member  and  non-member,  wbether  poMeaaiDg  a  set  of  the  Traiuactioni 
or  not,  the  meana  of  aecertaiaing  at  a  minimum  expenditure  of  time  and 
tronbte  tbe  exact  contenta  of  the  volumes  on  anj  given  subject  of  special 

Bent,  prepaid,  oa  receipt  o(  price  bj 

The  American  Institute  of  Mining  Engineers, 

29  WMt  3»tb  SifMt,  New  Yoik. 
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PENNSYLVANIA  CRUSHER  CO. 

NEW  yoiiK  PHILADELPHIA  ^itt..u-. 

:HuacH  siaicT  ■tepHcD  Olrard  Bld'K  ••■ohc«ihy  i 

Cruahert  aDd  Pulvetiieri  far  By-Product  Coka  Plaota,  Coal, 
l^tmaatona,  Cament,  RiKk,  Oypanm.  BhiUc,  and  a  multitude 

Cul  CniBhlSE  and 
Ccwl  ClcaniBi  Plaala. 


ntlL  CLE1SBB8 
Pl'LVEBIEE>8 

BINfiLE 

BOLL  CRtHHBBS 

DELlMiTEK 

tOlL  TE8TEK 


BEER,  SONDHEIMER  &  CO. 

Frankfort -on -Main.  Germany 

KEW   YORK   OFFICE        .        -        42   BROADWAY 

Zinc  Otth  Carbonatea,  Sulphidci  and  Mixed  Ores,  Copper  Ores, 
Ccf^CT  Matte,  Capptt  BuUion,  Lead  Bnllioa,  Lead  Om,  Antimonj 
Ores,  Iron  and  Uanganesc  Orci,  Coppa,  Speltar,  Aatiiaooj,  Aoti- 
■onitl  Lead,  Sulphate  of  Copptf,  Anenic,  Zioc  Dntt. 

Own  SmeltUiB  and  ReAntI^^  Works 


L  V0GEL5TEIN  &  CO. 

42  BrMdway  NEW  YORK 

BUYERS,  SMELTERS 
AND  REHNERS  OF 

Ores  and  IMEatals  of  All  Glassaa 

Asant*  for: 

Aran  Hinch  a  Soho,  Halberatadt,  Oarmaor. 

Halted  Statea  Hatala  Reflnlnv  Co^  Chroma,  N.  I.  and  Or>*a«lll,  lod. 

Amarlcaa  Zlsc,  L.ead  ft  BnclQnc  Co.,  Can*;  and  Daarlag,  Kaaaa*. 

Kaaaaa  Zinc  Co.,  La  Karpa,  Kasaaa. 

Tha  Bactrolrtlc  RcHbIdi  ft  amaltioi  Co.  of  Auitralla,  L,td.,  Port  Kenbla,  N.  3.  W. 


ACCURACY  IN  MEASUREMENTS 

obtalaad  tbroach  tba  uia  i 


^ 


VF/fiN 


MEASURING  TAPES 

\  Tba  Bsro  Hrara  tha  taat,  tb*  better  thalr  ahowlBc. 
For  aala  I17  all  daalara.    Sand  [or  Catalo|iM. 


A  DIRECTORY  OF  MINING  AND 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS   MANUFACTURING  CO. 

Milwaukee,  Wisconsin. 

MINING  MACHINERY  of  Every  Type.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis- Chalmers,  Limited, 
Toronto,  Ont. 


ANSON  G.  BEnS 

NEW 

Troy,  N,  Y, 

Electrolytic    Lead    Refining;      Zinc     Recovery   from 

PROCESSES 

Complex   Ores;      Laboratories   for  Metallurgical  Re- 

search. 

WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  CO. 

New  Yorlc.  St.  Louis.  Seattle. 

pACTontcs  :  st.  louis  and  scattlc. 

Manufacturers  of  "  YELLOW  STRAND "  and  other 
High  Grade  Wire  Rope ;  also  AERIAL  WIRE  ROPE 
TRAMWAYS. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  Yorlc. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 
C0iMPRE880R8 

PNEUIMATIC 

TOOLS  AND 

APPLIANCES 

MOTORTRUCKS 


CHICAGO  PNEUMATIC  TOOL  CO. 

Chicago.  New  York.  London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES, 
MOTOR  TRUCKS. 


CHROME  STEEL  WORKS 

SHOES 

Chrome,  N.J. 

AND 

Adamantine   Chrome   Steel    SHOES    and    DIES   for 

Stamp    Mills.      CANDA    SELF- LOCKING    CAMS; 

DIES 

TAPPETS;  BOSSHEADS;  CAMSHAFTS;  STAMP 

STEMS. 
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ETALLURGICAL  EQUIPMENT 


THE  DENVER  FIRE  CUY  CO. 

Denver,  CpIo.  Salt  Lakp  City,  Utah. 

Manafacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Qlass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAYEftS 

AND 

CHEMISTS 

SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

Denver,  Colo.        El  Paac,  Tex.        Now  York  City. 
Salt  Lake  City,  Utah.  San  Franolaoo,  Cal. 

MANUFACTURERS  OF  WAUQH  DRILLS. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


EDISON  STORAGE  BAHERY  CO. 

Orango,  N.  J. 

Maaufacturersof  the  EDISON  STORAGE  BATTERY 
for  Mine  Haulage.    Write  for  descriptive  bulletin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Sehanoetady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 
MINE 


LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chloago,  llllnola. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  "LongUfe"  "  Masecon"  A  "Qrainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  tkan  aay  other  belts  made. 


A  DIRECTORY  OF  MINING  AND 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


HARBISON- WALKER  REFRACTORIES  CO. 

Pittsburgh,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelting 
plants,  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  weU  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


HARDINGE 

BALL 

AND 

PEBBLE 

MILLS 


HARDINGE  CONICAL  MILL  CO. 

New  York,  N.  Y. 

Manufacturers  of  the    HARDING£    BALL  and 
PEBBLE    MILLS  for  fine  and  granular  crushing. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Peru,  III. 

Manufacturers  of    SPELTER,    SHEET    ZINC    and 
SULPHURIC   ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11   Broadway,  New  York. 

"Return-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
**Electric-Air*'  Drills,  Coal  Punchers,  Pneumatic  Tools, 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEf  FREY  MFG.  CO. 

Columbus,  Ohio. 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Waksflsid,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — ^for  Acids  and  Corrosive  Waters. 


(H) 


METALLURGICAL  EQUIPMENT 


A.  LESCHEN  &  SONS  ROPE  CO. 


IUKTU: 


HTBAU 


St.  Leuls,  Mp.  Dmmt  SuFtudM* 
Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strtnd  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramwasrs  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MASHEK  ENGINEERING  CO. 

90  West  St.,  Now  York. 

Complete  plant  equipments  4,  8,  z6  and  35  tons  of  a  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.  Com- 
plete plants  designed  and  erected. 


BRIQUETTING 


MACHINERY 


OTIS  ELEVATOR  COMPANY 

Eleventh  Avo.  and  Twenty-Sixth  St.,  Now  York. 

OPPICCe   IN   ALL  PniNCIPAL  CITIC«   OP  THE  WOULD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoiau,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PENNSYLVANIA  CRUSHER  CO. 


New  York 

50  Church  Street 


Plttabunrh 

Machesney  Bld'g 


Philadolphia 

Stephen  Olrard  Bld*v 

Complete  Coal  Crushing  and  Coal  Cleaning  Plants; 
Crushing  Machinery  for  By-Product  Coking  Plants; 
Crushers  and  Pulverizers  for  Coal,  Cement,  Rock,  Lime- 
stone, Gypsum,  and  a  multitude  of  other  materials. 


HAMMER 
CRUSHCRS 

BRADFORD 
COAL  CLEANERS 

PULVERIZERS 

SINGLE  ROLL' 
CRUSHERS 

DELAMATER 
COAL  TESTER 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  New  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives ;  Hoisting  Machinery. 


ROBINS 

BELT 

CONVEYORS 


JOHN  A.  ROEBLING'S  SONS  CO. 

Tronton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  thxooghout  the  country. 
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WIRE 
ROPE 


A   DIRECTORY   OP   MINING    AND 
METALLURGICAL    EQUIPMENT 


POSITIVE 
PRCSSURC 

P.  H.  &  F.  M.  ROOTS  CO. 

BLOWERS 

ConiMrsvllfe,  Ind. 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 

Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,   Foundry  and   Filtration  Work.     Write 

for  Catalogue. 

DRILLING 


MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offfloas:  Akron,  O. 
Branch  Office  :  2  Rector  St.,  New  York  City. 

Wwkt:  AkTM,  OU«.-aMuMte,  KuMa.-Fwdui,  OntnL-Liv  BMck.  CaL 

Manufacturers  of  Portable  Well  Drilling  Machinery, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electrical  Power. 


THE  STONEHOUSE  g^  MINE  SIGNAL  CO. 

Denver,  Colorado. 

Manufacturers  of  signs  for  mines.  Our  '*  Universal 
Danger  Signals  "  prevent  accidents  and  save  lives.  No 
mine  should  be  without  them.  They  wear  a  lifetime. 
Special  signs  made. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  III. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


AIR  LOCOMOTIVES 
BREAKER  HACHINERT 
COAL- WASHING  PLANTS 
CONVEYING  HACHINERT 
CRUSHING  HACHINERT 
GASOUNELOCOMOnVES 
HOISnNGANDHAUUNG 

HACHINERT 
STEAM  LOCOMOTIVES 
VENTIUTING  FANS 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


AMMETERS 

AND 

VOLTMETERS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 

''  (Tel 
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A   NEW  VOLUME 

EMMONS'  ORE-DEPOSITS 

A  eofUimuUion  <^  the  ''Posepny*'  Volvme 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

OorUetUs, 

Genesis  of  Certain  Ore-Deposits.    By  S.  7.  Emmons. 
Stractoial  Relations  of  Ore-Deposits.    By  8.  F.  Emmons. 

Geological  Dlstribation  of  the  UMfol  Metals  in  the  United  States.  By  8.  F.  Emmons.  Discus- 
sion, by  John  A.  Church,  Arthur  Winslow,  S.  F.  Emmons,  and  Wiluam  Hamilton 

MSR&ITT. 

Torsional  Theory  of  Joints.  By  Ovoroe  F.  Bbckkr.  Discussion  by  H.  M.  Howb,  R.  W.  Ray- 
mond. C.  R.  Boyd,  and  Oeorob  P.  Becker. 

AUotroplsm  of  Gold.    By  Henry  Louis. 

Superflcial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 

Some  Mines  of  Romta  and  Silver  Cliif,  Colorado.    By  8.  F.  Emmons. 

Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Dlscuraion,  by  Joseph  Lb  Conte,  8. 
F.  Emmons,  G.  F.  Bbckbr,  Arthur  Winslow,  W.  P.  Blake,  and  J  R.  Don. 

lofluence  of  Country  Rock  on  Mineral  Veins.    By  Walter  Hartby  Weed. 

Igneous  Rocks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 

Consideration  of  Igneous  Rocks  and  Their  Segregation  or  DlflTerentlatlon  as  Related  to  the 
Occurrence  of  Ores.    By  J.  E.  Spurr.    Discussion,  by  A.  N.  Winch  ell. 

Chemistry  of  Ore-Deposition.   By  Walter  P.  Jenney.    Discussion,  by  John  A.  Church. 

Ore-DepoeitB  near  Igneous  Contacts.  By  Walter  Harvey  Weed.  Discuasiou,  by  W.  L. 
Austin. 

Ore-Deposition  and  Vein-Enrichment  by  Amsending  Hot  Waters.    By  Walter  Harvey  Weed. 

Basaltie  Zones  as  Ouides  to  Ore-Deposite  In  the  Cripple  Creek  District,  Colorado.  By  E.  A. 
Stetbnb. 

Geological  Features  of  the  Oold-Productlon  of  North  America.  By  W.  Lindoren.  Discus- 
sion, by  W.  G.  Miller,  and  W.  L.  Austin. 

Osmosis  as  a  Factor  in  Ore-Formation.    By  Halbbrt  Powers  Gillette. 

Ore-DepoeiiB  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 

Genesis  of  the  Copper-Deposits  of  Clifton-Morencl,  Arisona.    By  W.  Lindoren. 

Copper-DepoeiiB  at  San  Jose.  Tamaulipas,  Mexico.    By  J.  F.  Kemp. 

Magmatic  Origin  of  Vein-Fqrming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencer. 

Genetic  Relations  of  the  Western  Nevada'Ores.    By  J.  E.  Spurr. 

Are  the  Quarts  Veins  oi  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation?  By  J.  B. 
Hastings. 

Occurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindoren. 

Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Reeent  Studies  of  the  Iron- 
Bearing  Series.    By  C.  K.  Leith. 

Geological  Relations  of  the  S<^dlnavian  Iron-Ores.    By  H.  SjAorbn. 

Formation  and  Enrichment  of  Ore-Bearing  Veins.  (With  Supplementary  Paper.)  By  Georoe 
J.  Bancroft. 

Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 

Agency  of  Manganese  in  the  Superflcial  Alteration  and  Secondary  Enrichment  of  Gold-De- 
posits of  the  United  States.    By  W.  H.  Emmons. 

Cognate  Papers. 

Bibliography  of  the  Science  of  Ore-Deposits.  By  J.  D.  Irving,  H.ID.  Smith,  and  H.  G.  Fer- 
guson. 

The  volume  contains  alao  a  Biographical  Notice  of  Dr.  EmmoiiB  by  bis  asso- 
cu^  and  friend,  Dr.  George  F.  Becker,  and  a  comprehensive  Biographical  Index 
of  the  Sdence  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the  Slieffield 
Sdentific  School  of  Yale  Universitj. 

Price,  bound  in  cloth,  $5;  in  half  morocco,  $6. 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

29  West  agth  St.,  New  York,  N.  Y. 
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PROFESSIONAL  CARDS 


ALDRIDGE,  WALTER  H. 

Consulting  Mining  and 
Metallurgical  Engineer 

14  WaU  Street  NEW  YORK 


ARMSTEAD.  Henry  Howell 

Consulting  Engineer 

20  Broadway 

NEW  YORK 

Apartado  65,  Guanajuato,  Mexico 


BEATTY.  A.  CHESTER 

Consulting  PRIning  Englnssr, 
71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  Address : 

Grsnitlc. 


BREWER,  WM.  M. 

P.  0.  Box  701,  VICTORIA,  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


BURCH.  H.  KENYON 

He«hanic«l  and  Metalinrgleal  Engineer 
Care  latpiratioa  CoMeBdated  Copper  Ce. 

MIAIII,  GIU  COUNTT,  ARIZONA 

Dealirner  and  Builder  of 
Power,  Holatlnv,  Pumplnv, 
Cmahinv  and  Milling  Plants. 

c;       .   ...      Concentration  uf  Ores. 
Specialties  Economic  Handling  of  Materials. 


CHANNING,  J.  PARKE 


Consulting  Engineer, 


42  BE0ADWAY9 


NEW  YORK. 


COULDREY,  PAUL  S. 

Mining  Engineer 

General  Mining  Superintendent 
Cbkko  db  Pasco  Mining  Co. 

CERRO  do  PASCO,  PERU 
SOUTH  AINERICA 


GARZAALDAPE,  J.  M. 

Ulning  and  Metaiinrgicai  Engineer 

Beports  on  Mexican  Minis 

Address  :  Calle  de  Rodriguez  No.  5 
(P.  O.  Box  No.  225) 

TORREON— COAHUILA-MEXiCO 


HAMMOND,  JOHN  HAYS, 

CttBsnlting  Engineer, 


71  Broadway. 


NEW  YORK. 


HANKS,  ABBOT  A. 

Chemist  and  Aitsayer 

Established  x866 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

C90  Saenunento  St    San  Francisco,  Cat. 


HARDMAN,  JOHN  E. 

Consulting  Hining  Engineer, 

Room  601,  Royal  Trust  Building, 

INONTREAL,  CANADA. 
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PROFESSIONAL  CARDS 

HOYLE,  CHARLES 

Mininf  Engineer, 

Apartado  8,  El  Oro» 

ESTADO  DE  MEXICO,  MEXICO. 

• 

Howard  Poillom                  C.  H.  Poikibk 

POILLON  ft  POIRIER 

Mining  Engineers 

63  Wall  Street 

NEW  YORK  CITY 

KLEPETKO,  FRANK 

ComtaltlDg  Engineer 
Mining  and  Metallurgy 

80  Maiden  Lane            new  YORK 

RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metallurgist 

29  West  Thirty-Ninth  Street 

NEW  YORK 

LEDOUX  ft  COMPANY 
Aeeayers  and  Samplers 

99  John  Street,            NEW  YORK 

Independent  Sampling  Works 
New  York  and  Jersey  Citj 

Repr^entatiyes  at  all  refineries  and 
smelters  on  Atlantic  seaboard 

REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE.  COLORADO 
€iU«:  "Dredger" 
€Mk:  Bedford-McNeil 

LOWE,  HENRY  P. 

Cenealting  and  Mining  Engineer, 
CENTRAL  CITY.  COLORADO. 

BedfoM  McNeUl  Code, "  Lows,  D»NTKa." 
< 

RICHARDS,  ROBERT  H. 

Massachiitetta  lastitnte  of  Techaolofy 

BOSTON,  MASS. 

RIORDAN,  D.  M. 

C0n9%UHng  Engins&r, 

Minias  Inrcstigations  MpeciAlly  cartfully 
mad*  lor  reaponsible  intending  iavestora. 

CUT  kivtiMafl  Bldf..  ISB  Broaiway.  New  Ytft. 

MYERS,  DESAIX  B. 

Mining  Engineer 

321  Story  Building         LOS  ANGELES 

RICKETTS  &  BANKS, 

80  Maiden  Lane,  New  York, 

Mining,  Metaiinrgicai  and 

Chemical  Engineers, 

Exftinination  of  Properties.    Testing  of  0^e^ 
for  Best  Process  of  Treatment.    Consultation 
in  MiniagfMeuUurgical  and  Milling  Practice. 

FOR  PROFESSIONAL  CARDS 
QUOTED  ON  APPLICATION. 
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PROFESSIONAL  CARDS 

SPILSBURY,  E.  GYBBON, 

• 

Oonralting,  OIyU,  KUUnff 

45  Broadway,              NEW  YORK. 
Gable  AddraM:  **  apUroe^  K&w  Fork. 

PORTER  W.  SHIMER  ft  SON 

Metallurgioal  Chealvto 

ESTABLISHSD   1 885 

AuifMt  •!  ir«ii.  UmI,  aadl  alhw  Midi.  dkis. 

CONSULTATION 

INYKSTIGATION      EA8T0N,  PENN*A 

SYMMES,  WHITMAN 

MinlBf  EnflMer 

General  Superintendent 

Mexican  Mine,  etc. 

VIRGINIA  CITY,  NEVADA 

These  Professional  Cards 
represent  Consoltingy  dvili 
Mining    and    Metallnrgical 
Engineers,    Geologists,    As- 
sayers  and  Chemists. 

PROPOSALS  FOR  MEMBERSHIP,    a  blank  proposal  for  mem 

bership  is  included  in  each 

Year  Book  and  Bulletin.  In  the  event  of  not  being  able  to  secure  such  a 
one,  applications  for  membership  can  be  made  out  on  any  blank  piece  of 
paper,  provided  they  include  the  class  to  which  the  candidate  is  proposed, 
whether  member,  associate  or  junior  member ;  the  signature  of  three  mem- 
bers or  associates  (junior  members  must  also  have  the  endorsement  of 
two  of  their  instructors);  a  brief  history  of  the  candidate,  including  date 
and  place  of  birth,  his  education  and  technical  record,  and  finally  a  signed 
statement  by  the  applicant  that  he  desires  to  become  a  member. 
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AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39th  Street,  New  York,  R  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  In  Full) 


Occupation. 


Address. 


is  hereby  proposed  by  the  undersigned,  as  a. 


of  the  American  Institute  of  Mining  Engineers. 


Blgnatures  of  three 

Hembenor 

Associates. 


Fldce  ofhtrtK. 


Year  of  birth. 


EdueatioTh,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 


Dates 


Record  of  experience.  Briefly,  the  pdst  and  present  employment, 
with  names  of  employers,  companies  and  associates,  (Proper  ruumes, 
names  of  companies,  etc,  should  he  written  without  ahhreviaMons.f 


Dates 


Present  position 


^gneUure, 


Dated. 
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EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely:  1.  Members;  2.  Hon- 
orary Members ;  3.  Associates ;  4.  Junior  Members.  *■  *  * 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Institute,  namely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  o.  chemists,  and  all  persons 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Associates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Direckors 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  have  not  taken  their 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  •  •  • 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  MemberBhip,  as  pre- 
scribed in  the  By-Laws,  a^d  must  be  elected  by  the  Board  of  Directors. 
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HARDINCE  MILL  RESULTS 
AT  MIAMI   COPPER  CO. 

"BY  THEIR  ADOPTION  IN  THIS 
PLANT,  THE  OPERATING  LABOR 
COST  OF  FINE  CRUSHING  HAS 
BEEN  REDUCED  ABOUT  ONE 
HALF    ... 

THEY  HAVE  A  MORE  ECONOM- 
ICAL WATER  CONSUMPTION, 
LOWER  MAINTENANCE  AND 
OPERATING  COST,  AND  A  VERY 
LOW  RATE   OF   DEPRECIATION." 

—From   Chll*    Mllla  «*.   Harding*    Mllla. 

paper  pr«««nt*d  bsfora  th«  Butt*  m**tliia 

of  th*  A.  I.  M.  E.,  by  Mr.  Rob*rt  Frank*. 

af  Miami,  Aril.,  Aug..  1913. 


HARDINCE  CONICAL   MILL  CO. 
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NeiK^  York  Meeting,  October  z6  and  17,  1913. — The  One  Hundred 
and  Sixth  meeting  of  the  Institute  for  the  reading  and  discussion  of  pro- 
visional papers  will  be  held  in  New  York  City,  on  Thursday  and  Friday, 
October  16  and  17,  1913.  Headquarters  will  be  at  the  Institute  office 
lA  the  Engineering  Societies  Building,  29  West  39th  Street.  The  sessions 
will  be  held  in  one  of  the  assembly  rooms  of  the  building.  Because  of 
the  many  valuable  papers  on  iron  and  steel  obtained  with  the  assistance 
of  the  Iron  and  Steel  Committee,  which  papers  could  not  appropriately 
be  presented  and  discussed  at  the  Montana  meeting,  this  Octooer  meeting 
of  the  Institute  is  held  for  the  purpose  of  reading  and  discussing  these 
papers,  most  of  which  will  be  printed  and  distributed  in  advance.  The 
members  of  the  following  societies  have  been  invited  to  attend  the  meet- 
ing, and  several  have  accepted  and  declared  their  intention  of  taking  part 
in  the  proceedings:  American  Society  for  Testing  Materials,  American 
Iron  and  Steel  Institute,  American  Society  of  Mechanical  jSngineers, 
American  Society  of  Civil  Engineers,  American  Institute  of  Electrical 
Engineers,  American  Foundrymen's  Association.  The  meeting  will  be 
conducted  under  the  auspices  of  the  Iron  and  Steel  Committee,  and  the 
latest  revised  program  of  the  proceedings  will  be  found  on  page  xi,  under 
the  notes  of  this  Committee. 


Five  or  six  important  papers  on  iron  and  steel  subjects  are  already 
assured  for  the  February  meeting  of  the  Institute,  and  a  list  of  other  manu- 
scripts already  approved  for  presentation  at  this  meeting  is  given  on  p.  v. 
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Nominations  for  Officers. — The  Committee  appointed  by  the  Board 
of  Directors  to  nominate  officers  for  the  Institute  for  the  year  1914  desires 
that  every  member  participate  in  the  work  by  oflfering  suggestions  and 
proposing  names  for  the  various  offices,  thereby  obtaining  the  best  ticket 
that  can  be  recommended. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1914,  are: 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Consti- 
tution, and  to  By-Law  XIII,  which  reads  as  follows : 

*'The  Geographical  districts  to  be  considered  by  the  Committee  on  Nominations  shall 
be  as  follows,  until  otherwise  ordered  by  the  Board. 

District  No.  1.  New  England,  New  York,  and  New  Jersey,  excepting  New  York  City 
and  district,  which  is  provided  for  in  the  Constitution.  [N.  JB. — New  York  City  and  dis- 
trict is  designated  District  0.  ] 

District  No.  2.     Pennsylvania. 

District  No.  3.     Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri. 

District  No.  4.     Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana,  North  and  South  DaKota,  Wyoming,  Nebraska,  Kansas, 
Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.    California  and  Nevada. 

District  No.  7.     Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.     Louisiana  and  Texas. 

District  No.  9.     Other  Southern  States  and  District  of  Columbia. 

District  No.  10.    Mexico. 

District  No.  11.     Canada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows: 

"In  making  such  selections  [namely,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  shall,  so  far  as  practicable,  distribute  the  representation  on  the  Board  geo- 
graphically, so  that  seven  members  shall  be  residents  of  the  district  including  New  York 
Citv  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  of  the  Institate, 
ana  one  member  a  resident  of  each  of  the  geographical  districts  enumerated  in  the 
By-Laws.*' 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows  : 

President,  Charles  F.  Rand  (not  eligible  for  re-election). 

Past  President,  Charles  KirchhofF. 

Vice-Presidents,  Karl  Eilers,  District  0:  Waldemar  Lindgren,  District  1. 

Directors,  James  Douglas,  District  0 ;  James  Gayley,  District  0 ;  Albert 
R.  Ledoux,  District  0;  Charles  W.  Merrill,  District  6;  and  C.  SnelUng 
Robinson,  District  3. 

It  is  hoped  that  the  members  of  the  Institute  will  help  the  Committee  to 
the  utmost  by  making  suggestions  and  proposals  as  requested  above, 
which  should  be  sent  to  the  Chairman  of  the  Nominating  Committee, 
John  Hays  Hammond,  71  Broadway,  New  York,  N.  Y. 

John  Hays  Hammond, 

Chairman,  Nominating  Oommitiee, 

This  Committee  is  required  to  submit  its  Nominations  to  the 
Board  of  Directors  on  October  24. 
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EMMONS  VOLUME  ON  ORE-DEPOSITS. 

A  continuation  of  the  "  Posepny  "  Volume. 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  edited,  wiUi  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volume 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  by  his  associate  and 
friend,  Dr.  George  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the 
Sheffield  Scientific  School  of  Yale  University.  Dr.  Emmons  had  finished 
his  editorial  work  and  written  his  Introduction  before  his  lamented  death 
in  1910 ;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  aa 
the  foremost  authority. 

Conlents. 

Genesis  of  Certain  Ore-Deposits .    By  8.  F.  Emmons. 

Stnictaral  Relatioiu  of  Ore-Depoelts.    By  S.  F.  Emmoms. 

GeolQ^cal  Dlstribatlon  of  the  Usefhl  Metals  in  the  United  States.    By  S.  F.  Emmons.     Discussion,  by 

JoH5  A.  Chvbch,  Abthub  Winslow,  S.  F.  Emmons,  and  William  Hamilton  Mbbbitt. 
Torsional  Theory  of  Joints.  By  Qbobgb  F.  Bickbb.  Discussion,  by  H.  M.  Hows,  R.  W.  Raymond,  G.  R. 

BoTD,  and  Qbobgb  F.  Bbckeb. 
Allotroplam  of  Gold.   By  Hbnby  Louis. 

Snpeifldal  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Pbnbosb,  Jb. 
Some  Mines  of  Roeita  and  Silver  Cliff,  Colorado.    By  S.  F.  Emmons. 
Genesis  of  Certain  Aariferons  Lodes.  By  John  R.  Don.  Discussion,  by  Jobbph  Lb  Contb,  S.  F.  Emmons, 

6.  F.  Bbckeb,  Abthub  Winslow,  W.  P.  Blakb,  and  J.  R.  Don. 
Infloenoe  of  Gonntry-Rock  on  Mineral  Veins.   By  Waltbb  Habybt  Wbbd. 
Igneoas  Rocks  and  Circnlating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kbmp. 
Consideration  of  Igneous  Rocks  and  Their  Segregation  or  Differentiation  as  Related  to  the  Occurrence 

of  Ores.   By  J.  E.  Spubb.   Discussion,  by  A.  N.  Winchbll. 
Chemistry  of  Ore-Deposition.    By  Waltbb  P.  Jbnnby.   Discussion,  by  John  A.  Chubch. 
Ore-Deposits  near  Igneous  Contacts.    By  Waltbb  Habyby  Wbbd.    Discussion,  By  W.  L.  Austin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.    By  Walter  Habyby  Weed. 
Basaltic  Zones  as  Guides  to  Ore-Depoifits  in  the  Cripple  Creek  District,  Colorado.    By  E.  A.  Steyens. 
Geological  Features  of  the  Gold-Production  of  North  America.    By  W.  Lindgbbn.    Discussion,  by  W. 

0.  MiLLBB  and  W.  L.  Austin. 
Oemosis  as  a  Factor  In  Ore-Formation.   By  H  albbbt  Powebs  Gillette. 
Ore-Deposits  of  Sudbury,  Ontario.    By  Chablbs  W.  Dickson. 
Genesis  of  the  Copper-Deposits  of  Cllfton-Morenci,  Arizona.    By  W.  Lindgrbn. 
Coppe^Deposlts  at  San  Jose,  Tamaullpas,  Mexico.   By  J.  F.  Kemp. 
Magmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencbb. 
Genetic  Relations  of  the  Western  NeYada  Ores.    By  J.  £.  Spurr. 

Are  the  Quartz  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation  f    By  J.  B.  H  astings 
Oceorrence  of  Stibnlte  at  Steamboat  Springs,  Nevada.    By  W.  Lindgrbn. 
Sommary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron-Bearing 

Series.    By  C.  K.  Lbith. 
Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  SjOgben. 
Fonnation  and  Enrichment  of  Ore-Bearing  Veins.    (With  Supplementary  Paper.)    By  George  J. 

Babcbopt. 
Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 
^Igency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of 

the  United  States.    By  W.  H.  Emmons. 
Cognate  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Irving,  H.  D.  Smith,  and  H.  G.  Febguson. 

The  volume  contains  1002  pages.  Price,  bound  in  cloth,  $5 ;  in  half 
morocco,  S6.  Both  the  Emmons  and  the  Posepny  Volumes  on  Ore- 
Deposits,  bound  in  cloth,  $8;  in  half  morocco,  $10. 
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BOARD  OF  DIRECTORS. 

Meeting^  Aug,  20,  1913,  Bvtte^  Montana^  at  12.45  p.m. — On  the  written 
request  of  27  members  of  the  Institute  residing  in  Montana,  the  Montana 
Local  Section  was  established,  and  the  following  Committee  was  appointed 
by  the  President  of  the  Institute  to  complete  the  organization :  E.  P.  Ma- 
thewson,  Chairman;  Frank  M.  Smith,  Vice'Chairman ;  D.  C.  Bard,  Becrt- 
tary,  Montana  State  School  of  Mines,  Butte,  Mont,  Oscar  Bohn,  James  L 
Bruce. 

The  President  reported  the  appointment  of  a  Committee  on  Mining 
Law,  the  names  of  whose  officers  and  members  are  given  on  page  xxxv 
of  this  BvJIetin^  and  these  appointments  were  approved. 

It  was  voted :  That  the  Committee  on  Mining  Law  be  requested  to  estab- 
lish a  Sub-Committee  on  Censorship,  a  majority  of  whom  shall  be  lawyers; 
and,  further,  that  no  paper  on  mining  law  be  recommended  for  publica- 
tion to  the  Committee  on  Papers  and  Publications,  unless  it  is  previously 
approved  by  the  Sub-Committee  on  Censorship  of  the  Committee  on 
Mining  Law. 

The  President  reported  progress  in  the  matter  of  co-operation  between 
the  Institute  and  the  United  States  Bureau  of  Mines,  through  Committees 
of  the  Institute. 

The  President  reviewed  the  history  of  plans  for  a  union  or  affiliation 
with  the  Mining  and  Metallurgical  Society  of  America,  and  the  following 
minute  was  then  adopted : 

"  The  Board  of  Directors  of  the  American  Institute  of  Mining  Engineers 
has  carefuUv  considered  for  several  months  the  question  of  union  or  afl&li- 
ation  with  tlie  Mining  and  Metallurgical  Society  of  America ;  and,  while 
at  an  earlier  time  and  under  other  circumstances,  such  a  union  might 
have  been  accomplished,  yet  under  present  circumstances  the  Directors  of 
the  Institute  deem  such  union  inexpedient. 

"  While  thanking  the  Mining  and  Metallurgical  Society  of  America  for 
its  consideration  oi  the  matter,  we  believe  that  further  discussion  of  the 
subject  will  serve  no  useful  end,  and  we  conclude  it  best  that  the  Society 
and  the  Institute  continue  their  useful  functions  and  friendly  relations 
side  by  side,  as  heretofore." 

It  was  voted  that,  beginning  with  the  September  Bulletin,  5,200  copies 
be  published  each  month,  to  supply  the  increased  demand. 

Meeting,  September  26,  1913,  in  New  York, — The  President  reported  the 
appointment  of  a  Committee  on  Petroleum  and  Gas,  the  names  of  whose 
officers  and  members  are  published  on  page  xxxv,  and  these  appointments 
were  then  approved. 

Karl  Eilers  was  appointed  by  the  Board  a  member  of  the  Committee  on 
Membership,  in  place  of  Walter  R.  Ingalls,  resigned. 

It  was  voted  to  accept  the  offer  of  the  Mining  Magazine,  of  London,  in 
regard  to  selling  copies  of  the  Emmons  Volume  on  Ore  Deposits. 

It  was  voted  to  grant  an  exchange  of  publications  with  the  Gesellschaft 
Deutscher  Metallhiitten-und  Bergleute. 

It  was  voted  that  the  Committee  on  Management  of  the  International 
Engineering  Congress,  1915,  be  asked  to  consider  seriously  having  metal- 
lurgy given  the  same  importance  as  mining  and  geology  in  the  proceed- 
ings and  publications  of  this  Congress. 

It  was  voted  to  authorize  the  President  to  establish  an  additional  tech- 
nical committee  to  be  called  Committee  on  Non-Metallic  Minerals. 

Professor  Kemp  reported  on  behalf  of  the  Library  Committee,  and 
stated  that  the  Committee  would  ask  for  an  increase  of  the  Institute  s 
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appropriation  from  $4,500  to  $5,000  for  the  next  calendar  year ;  he  also 
made  a  statement  regarding  a  suggestion  to  establish  in  New  York  City  a 
Downtown  Branch  of  the  Library. 

The  President  requested  authority  to  appoint  a  Committee  on  Junior 
Members  and  Affiliated  Student  Societies.    The  authority  was  voted. 


MANUSCRIPTS  RECEIVED  BY  THE  SECRETARY. 

The  following  papers  have  been  accepted  for  publication  in  the  Bulletin, 
The  list  is  here  published  in  order  that  application  may  be  made,  if  de- 
sired, for  one  or  more  of  these  papers  for  discussion  by  Local  Sections  of 
the  Institute.  Whether  these  papers  are  or  are  not  discussed  by  Local 
Sections,  they  will  be  presented  at  the  February  meeting  of  the  Institute 
in  New  York,  N.  Y.,  and  advance  discussion  by  individuals  is  requested. 

Milling  versus  Hand-Sorting  of  Lead  Ore,  by  R.  S.  Handy  (Presented  at 
Spokane  Local  Section). 

The  Chloridizing- Roasting  of  Cuprous  Pyrites  Cinder  Preliminarv  to  the 
Extraction  of  Copper  by  Leaching.  Otherwise  known  as  the  Wet  Pro- 
cess, by  Utley  Wedge  (Presented  at  the  Boston  Local  Section). 

Mining  and  Mining  Methods  in  the  Southeastern  Missouri  Disseminated 
Lead  District,  by  H.  A.  Guess. 

Notes  on  the  Genesis  of  the  Mercury  Deposits  of  the  Pacific  Coast,  by 
J.  Allen  Veatch. 

The  Use  of  Oxygen  Helmets  for  Mine  Fires,  by  E.  P.  Dudley  (Presented 
at  Spokane  Local  Section). 

The  Substitution  of  Air  for  Water  in  Diamond  Drilling,  by  Ralph  Wilcox. 

Disposition  of  Natural  Resources,  by  George  Otis  Smith. 

Nickel  Deposits  in  the  Ural,  by  H.  W.  Turner. 

Lead-Silver  Mines  of  Gilmore,  Lemhi  County,  Idaho,  by  Ralph  Nichols. 

Notes  on  an  Iron  Ore  Deposit  near  Hong-Kong,  China,  bjr  C.  M.  Weld. 

The  Injection  of  Cement  Grout  into  Water-Bearing  Fissures,  by  F. 
Donaldson. 

The  Burning  of  Coal  Beds  in  Place,  by  Alexander  Bowie. 


POSITIONS  VACANT. 

(Under  this  heading  will  be  pablished  notee  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons. ) 

Position  of  laboratory  assistant  in  metallurgy,  pyrometry,  and  physical 
testing  is  vacant.  Salary  $80  to  $100  to  start.  Knowledge  of  metallogra- 
phy desirable. 

Opening  for  a  mine  superintendent  familiar  with  stoping  methods  on 
narrow  gold  quartz  veins;  also  for  a  superintendent  of  a  50-ton  fine-grind- 
ing cyanide  mill.    College  man  under  40  preferred. 

Position  in  sales  department  is  open  for  a  mining  engineer  with  experi- 
ence in  mine  ventilation  and  possessing  some  knowledge  of  fan  design ; 
one  competent  to  lay  out  ventilating  systems  to  meet  various  conditions. 
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ENGINEERS  AVAILABLE. 

(Under  this  heading  will  be  pablished  notes  sent  to  the 
secretary  of  the  Institute  by  members  or  other  persons. ) 

COAL— A  member,  aged  38,  with  23  years'  experience  in  mining  and 
preparing  coal,  and  designing  plants  and  mining  machinery,  is  open  for 
engagement.  For  nine  years  has  held  the  positions  of  Superintendent 
and  General  Superintendent,  and  later  was  in  charge  of  15  mines.    No.  1. 

A  technical  graduate,  aged  32,  with  experience  as  manager  and  operator 
and  consulting  engineer  for  gold,  silver,  and  copper  mines  and  cyanide 
mills  in  Colorado,  Nevada,  Canada,  and  Mexico,  desires  permanent  en- 
gagement.   No.  2. 

A  technical  graduate,  who  has  held  positions  from  assayer  and  surveyor 
to  mine  manager,  and  has  had  three  years'  experience  in  mining  in  Utah 
and  Colorado,  and  six  years'  experience  in  Alaska,  Tennessee,  and  Ontario, 
is  prepared  to  accept  a  position  as  mining  engineer  in  any  part  of  the 
world.    Is  familiar  chiefly  with  gold,  silver,  lead,  and  copper.     No.  3. 

A  technical  graduate  with  experience  in  engineering  drafting  and  four 
years'  experience  as  testing  engineer  in  fuel  and  coal,  would  like  to  make 
a  change  in  his  position.    No.  4. 

A  member,  technically  educated,  with  20  years'  practical  experience  as 
engineer,  assistant  superintendent,  superintendent,  and  manager  of  large 
mines  and  mills  on  construction  and  operation,  also  experience  in  mine 
examination,  is  open  to  engagement.    No.  5. 

Metallurgist  of  18  years'  experience  in  Mexico  with  large  plants  is  open 
to  engagement.  Last  position,  superintendent  of  copper  smelting  works. 
Best  line,  copper  and  lead  smelting,  but  also  experienced  in  mine  valua- 
tion and  ore-treatment  investigation  work.    Speaks  Spanish.     No.  6. 

Member,  graduate  mining  engineer,  experienced  in  mine  and  mill  work, 
geology  and  field  work,  one  year  in  the  hydrometallurgy  of  copper,  is  open 
for  engagement.     No.  7. 

A  member,  technical  graduate,  with  nine  years'  mining  experience  as 
assayer,  engineer,  foreman,  manager's  assistant,  and  superintendent  of 
large  development  and  operating  mining  companies  in  the  United  States 
and  Mexico,  is  open  for  engagement.    No.  8. 

Young  man,  recent  graduate  in  mining  and  geology,  desires  position. 
No.  10. 

Fuel  expert,  graduate  chemist,  four  years'  experience  in  chemical 
routine  ana  research  work  on  fuels  and  chemical  siae  of  engine-room  and 
boiler-room  problems.  Classification  and  valuation  of  fuels  and  solution 
of  feed  water  troubles  a  specialty.     No.  11. 

Metallurgist,  experienced  in  the  handling  of  carbon,  alloy  and  tool 
steels,  desires  a  position  with  a  steel  company,  preferably  as  traveling 
sales  metallurgist.     No.  12. 

Graduate  chemist,  with  seven  years'  experience  in  analytical  work,  in- 
cluding gold,  silver,  zinc,  fuels,  desires  a  position,  preferably  in  the  West, 
as  chemist  or  foreman  in  a  metallurgical  plant.     No.  13. 

Metallurgist  and  chemist,  technical  graduate,  seven  years'  experience  in 
copper  and  lead  smelting,  and  eight  years'  experience  in  assaying  and  gene- 
ral analytical  work,  desires  to  invest  capital  with  services.  West  coast  of 
United  States  or  Canada  preferred.     No.  14. 

Mining  engineer  with  23  years'  practical  experience  desires  to  make  a 
change.    No.  15. 

Technical  graduate,  seven  years'  experience  smelting,  mining  and  man- 
aging copper  plants,  is  open  for  engagement.     No.  16. 
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PERSONAL. 

(Members  are  urged  to  send  in  for  this  column  any  notes  of 
interest  oonoeming  themselyes  or  their  fellow-members.) 

Members  who  regi«tered  at  Institute  headquarters  during  September : 

William  B.  Phillips,  Austin,  Texas.  WUl  L.  Clark,  Jerome,  Ariz. 

Olof  Wenstrom,  Boston,  Mass.  Robert  H.  Richards,  Boston,  Mass. 

Anthony  F.  Lucas,  Washington,  D.  C.  Hennen  Jennings,  Washington,  D.  C. 

P.  H.  Griffin,  New  York,  N.  Y.  Waldemar  Lindgren,  Boston,  Mass. 

H.  N.  Lawrie,  Portland,  Ore.  C.  Snelling  Robinson,  Youngstown,  O. 

Clarence  P.  Linville,  Ererett,  Pa.  E.  P.  Ross,  Johnson,  Tenn. 

Members  of  the  XII  International  Geological  Congress  who  made  the 
Institute  Office  their  headquarters  while  in  New  York : 

A.  Bigot,  Caen,  France.  E.  Gentil,  Paris,  France. 

J.  Caillebotte,  Paris,  France.  H.  Saint- Olivier,  Paris,  France. 

John  Ashworth,  Manchester,  England.  Tadasu  Hiki,  Kioto,  Japan. 

T.  Dahlblom,  Falun,  Sweden.  L.  Milch,  Qreifswald,  Germany. 

Prof.  Albert  Sauveur,  of  Harvard  University,  has  been  awarded  the 
Elliott  Cresson  Gold  Medal  by  the  Franklin  Institute,  which  is  the  highest 
award  in  the  gift  of  the  Institute, "  in  recognition  of  his  numerous  and  im- 
portant contributions  to  the  science  of  metallography  and  the  influence  he 
has  exerted  in  bringing  this  science  into  practicable  and  exceedingly  use- 
ful application  in  the  iron  and  steel  industry." 

Joseph  A,  McDonald,  for  some  years  Assistant  General  Superin- 
tendent of  the  Ohio  works  of  the  Carnegie  Steel  Co.,  Youngstown,  Ohio, 
has  been  made  General  Superintendent  of  the  Cambria  department  of  the 
Cambria  Steel  Co. 

Charles  H.  MacNutt,  of  London,  England,  has  gone  to  take  charge  of 
the  Burma  Mines,  Ltd.,  Northern  Shan  States  of  Burma. 

H.  N.  Lav^rie,  consulting  mining  geologist  and  Chairman  of  the 
Oregon  Bureau  of  Mines  and  Geology  Commission,  has  come  East  to  rep- 
resent that  State  at  the  Geological  Convention  of  the  National  Conserva- 
tion Exposition,  held  Sept.  19  at  Knoxville,  Tenn.,  and  the  convention  of 
the  American  Mining  Congress,  to  be  held  Oct.  20  to  24,  in  Philadelphia. 

Prof.  Solon  Shedd,  Department  of  Geology,  Washington  State  College, 
is  in  Baker  county,  Oregon,  looking  over  the  situation  preparatory  to 
making  a  topographic  map  of  the  State  for  the  Oregon  Bureau  of  Mines 
and  Geology. 

Bancroft  Gore,  has  been  appointed  Professor  of  Metallurgy  at  the 
Montana  State  School  of  Mines. 

Robert  N.  Dickman  has  consolidated  his  laboratory  with  that  of 
Thomas  J.  Dee  &  Co.,  under  the  direction  of  James  Kilgallon,  for  the  past 
20  years  chemist  with  Mr.  Dickman. 

Prof.  H.  M.  Parks,  Director  of  the  Oregon  Bureau  of  Mines  and  Geol- 
ogy, is  in  eastern  Oregon,  where  he  will  identify  and  list  the  mineral  re- 
sources of  Baker,  Grant,  and  Wallowa  counties  for  the  Bureau. 

R.  L.  Lee  has  accepted  the  position  of  Assistant  Superintendent  of  the 
Central  Chile  Copper  Uo.,  Panulcillo,  Coquimbo,  Chile,  and  will  sail  at  an 
early  date. 
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Elmer  A.  Holbrook  has  been  appointed  Assistant  Professor  of  Mining 
Engineering  at  the  University  of  Illinois,  and  will  have  charge  of  the  re- 
cently equipped  coal-washing  and  ore-dressing  laboratory  and  the  course 
in  mine  design. 

J.  H.  Ivey  is  now  General  Manager  of  the  Poderosa  Mining  Co.. 
Collalmasi,  Chile. 

John  T.  Fuller  has  opened  an  of&ce  in  Little  Rock,  Arkansas,  as  a 
mining  and  civil  engineer. 

E.  P.  Ross,  who  was  formerly  Manager  of  the  Cranberry  Furnace  Co.'s 
furnace  at  Johnson  City,  Tenn.,  has  accepted  a  position  with  the  Edgar 
Thomson  Works  of  the  Carnegie  Steel  Co. 

John  C.  Branner,  President  of  Stanford  University,  has  been  deco- 
rated by  the  Brazilian  Historical  and  Geographical  Society. 

A.  J.  Eveland  has  taken  offices  at  42  Broadway,  New  York  City. 


THE  INSTITUTE  FORUM. 


71  Broadway,  New  York,  Sept.  22, 1913. 

Charles  W.  Goodale,  Chairman, 
Darsie  C.  Bard,  Esq.,  Secretary. 

Committee  on  Precious  and  Base  Metals, 
Butte,  Montana. 
Gentlemen : 

The  wonderful  success  of  the  meeting  of  the  Institute  held  in  Montana 
makes  it  necessary  that  some  public  acknowledgment  should  be  made  to 
those  to  whom  this  success  is  due. 

We  are  conscious  that  the  securing  of  the  great  number  of  technical 
papers  of  lasting  value  and  the  carrying  to  success  of  most  complete 
detailed  arrangements  for  holding  the  meeting  have  called  for  several 
months  of  skilled  effort  on  your  part. 

The  benefit  of  the  meeting  is  very  great  and  extends  not  only  to  those 
who  were  fortunate  enough  to  be  present,  but  to  our  four  thousand  absent 
members  and  their  friends  as  well. 

To  you  and  your  associates  on  the  Committee  whose  eflForts  have  made 
this  never-to-be-forgotten  meeting  possible  we  owe  far  more  than  can  be 
expressed  in  votes  of  thanks. 

Very  respectfully, 

Charles  F.  Rand,  President. 
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AFFILIATED  STUDENT  SOCIETIES. 

Any  society  of  undergraduates  at  a  technical  school,  comprising  students 
in  any  branch  of  engineering,  metallurgy,  chemistry,  geology,  etc.,  may  be 
recognized  by  the  Board  of  Directors  in  its  discretion  as  an  Affiliated  Stu- 
dent Society.  A  circular  giving  details  of  the  plan  of  affiliation  may  be 
obtained  on  application  to  the  office  of  the  Secretary  of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list : 

Affiliatxi)  Student  Socixnxs. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  University,  New  Haren, 
GoDiL    Preddenty  Francis  8.  Winalow  ;  Secretary,  Roger  W.  Newberry. 

The  UniyerBity  of  IllinoiB  Stadent  Branch  of  the  American  Institute  of  Minmg  Engi- 
neen,  Urbana,  II L     PreMenU^  M.  L.  Nebel ;  Secretary ,  Willis  Leriche. 

The  Engineering  Society  of  the  University  of  Nevada,  Reno,  Nev.  Prendmif  P.  £. 
Baymond ;  Secretaryj  R.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  Pretidenty  Rudolph  J.  Stengl; 
Secretary  f  Mack  C.  Lake. 

The  Mining  and  Geological  Society  of  Lehigh  University,  South  Bethlehem,  Pa. 
JVoufent,  Robert  C.  Mickel ;  Secretary,  Edward  B.  Snyder. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis,  Minn. 
PregulcKl,  C  A.  Walker ;  Secretary,  A.  C.  Bierman. 

The  Mining  Engineering  Society  of  the  Maauchusetts  Institute  of  Technology.  iVem- 
dad^  Balph  £.  Wells,  Jr.  ;  Secretary,  Louis  W.  Currier. 

The  Student  Auxiliair  Society  of  the  American  Institute  of  Mining  Engineers  of  the 
Uniyersity  of  Kansas,  Lawrence,  Kan.  Preeident,  Walter  R  Rohrer ;  Secretary,  H.  R. 
Brown. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  Preaident,  Hallard 
W.  Foeeter ;  Secretary,  Walter  P.  Scott. 

The  State  Colle^  of  Washington  Mining  and  Geological  Society,  Pullman,  Wash. 
PrttideiU,  J.  V.  Quigley ;  Secretary,  8.  A.  Swanson. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas,  Austin,  Tex.  iVen- 
deiU,G.(X  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
neen,  Columbus,  Ohio.     President,  Hugh  B.  Lee ;  Secretary,  £.  P.  Elliott 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  Prendent,  B.  E. 
Puwns;  Secretary,  E.  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  Preaident^  Roger 
L  Strobel ;  Secretary,  Clark  G.  Mitchell 

Mining  Association  of  the  University  of  California,  Berkeley,  CaL  Premdent,  D.  M. 
Dromhefier,  Jr.  ;  Secretary,  J.  B.  Orynski. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  Prendcnt,  F.  D.  Whittemore ; 
Seeriary,  E.  W.  Hays. 

Uoivenity  of  Washington  Mining  Society,  Seattle,  Wash.  Preeidcni,  Oliver  P.  Searing ; 
Secretary,  Albert  R.  Sherman. 

Stadent  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State  College, 
Ames,  Iowa.    Prendcnt,  Lyle  A.  Butler  ;  Secretary,  A.  J.  Crawford. 

MiMouri  Mining  Association  of  the  Missouri  School  of  Mines,  Rolla,  Mo.  President, 
L.  S.  Copelin ;  Searetary,  L.  J.  Boucher. 

The  Tick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
President,  M.  T.  Whelan  ;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President,  Alan  Eissock ; 
Seerdary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arisona,  Tucson,  Ariz.  President,  J. 
Gary  lindley ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  CoUese  of  Mines  and  Metallurgy,  University  of  Kentucky, 
Lexii^on,'Ky.     President,  Oliver  W.  Smith ;  Secretary,  Charles  E.  Straub. 

Mining  Society  of  Penn^lvania  State  College,  State  College,  Pa.  President,  Ralph  E. 
Ku-k ;  Seretary,  Willaid  M.  Lindsey. 
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S.  F.  EMMONS  RESEARCH   FELLOWSHIP. 

The  movement  was  started  by  a  number  of  the  friends  and  admirers  of 
the  late  S.  F.  Emmons,  Economic  Geologist  of  the  United  States  Geological 
Survey,  to  perpetuate  his  name  through  a  fellowship  to  be  known  as  the 
*'S.  F.  Emmons  Research  Fellowship,'  and  they  have  succeeded  in  raising 
^ome  $13,000  for  the  purpose  of  carrying  on  research  work  in  economic 
geology. 

The  Committee  in  charge  of  this  Memorial  Fund  has  succeeded  in  ob- 
taining the  co-operation  of  Professors  Kemp,  of  Columbia,  Irving,  of  Yale, 
and  Lindgren,  of  Massachusetts  Institute  of  Technology,  in  the  adminis- 
tration of  this  fellowship.  These  three  gentlemen  are  respectively  geolo- 
gists of  the  institutions  mentioned  and  are  exceptionally  qualified  to 
determine  in  what  direction  the  fund  can  be  best  administered.  It  \i 
hoped  that  additional  contributions  will  be  forthcoming  from  many  who 
have  heard  of  this  movement.  Subscriptions  are  invited  and  may  be  sent 
to  any  one  of  these  gentlemen,  or  to  Benjamin  B.  Lawrence,  Treasurer. 
No.  60  Wall  Street,  New  York  City. 


BACK  VOLUMES  OF  THE  TRANSACTIONS. 

The  Board  of  Directors  has  authorized  the  following  oflFers  of  sets  of  back 
volumes  of  the  Transactions,  at  considerably  reduced  prices,  to  Members, 
Libraries,  and  Scientific  Societies ; 

Per  Set 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906)  to  No. 

40(1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902)  to  No. 

40  (1910),  including  Mexican  Volume, 35 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21  (1893)  to 

No.  40  (1910), ....     50 

IV.  Thirty  volumes,  bound  in  half-morocco,  from  No.  11  (1883)  to 

No.  40  (1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 
to  No.  40  (1910),  with  the  exception  of  No.  10  (1882),  but 
including  index  for  Volumes  Nos.  1  to  35,  and  Nos.  36  to  40,     75 
VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873)  to  No. 

9(1881), 2-5 


INTERNATIONAL   ENGINEERING  CONGRESS. 

The  International  Engineering  Congress  of  1915  will  be  held  under  the 
auspices  of  the  American  Society  of  Civil  Engineers,  American  Society  of 
Mechanical  Engineers,  American  Institute  of  Electrical  Engineers,  Society 
of  Naval  Architects  and  Marine  Engineers,  and  the  American  Institute  ot 
Mining  Engineers,  in  connection  with  the  Panama-Pacific  Exposition. 
Arrangements  for  this  Congress  are  now  proceeding  under  the  General 
Committee,  the  Institute  representatives  on  which  are  given  on  p.  xxxv. 
An  interesting  technical  program  is  promised.  The  time  of  the  Congress 
is  Sept.  20  to  25,  1915.  Members  of  the  Institute  are  cordially  invited  to 
attend  and  participate  in  the  proceedings  of  the  Congress. 
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IRON  AND  STEEL  COMMITTEE. 

Albebt  Sauveub,  CfuUrman. 
A.  A.  Stbvbnsok,  Viee-ChairmaTU 
Herbert  M.  Boyuston,  Seereiaryf  Abbot  Bldg.,  Cambridge,  Mass. 

John  Birkinbine,  William  Kelly,  J.  S.  Unger, 

William  H.  Blauyelt,  Charles  KirehhofT,  FeUz  A.  Voffel, 

James  Gajley,  Richard  Moldenke,  Leonard  Waldo, 

Henry  D.  Hibbard,  Joseph  W.  Richards,  William  R.  Walker, 

Heniy  M.  Howe,  C.  F.  W.  Rts,  William  R.  Webster, 

Robert  W.  Hunt,  £.  Gybbon  Spilsbary,  Frederick  W.  Wood. 
J.  £.  Johnson,  Jr., 

For  the  meeting  of  the  Institute  which  is  to  be  held  in  New  York  City, 
Oct.  16  and  17, 1913,  the  following  program  has  been  arranged : 

October  16,  1913,  10  A.  M, 

W.  A.  Forbes,  Blast  Furnace  Gas  Cleaning. 
W.  H.  Blauvelt,  The  Slagging  Producer. 

Prof.  F.  Peter  (Leoben,  Austria),  The  Generation  of  Steam  by  Waste  Heat  from 
Furnaces. 
G.  C.  Stone,  The  Generation  of  Steam  by  Waste  Heat  from  Regeneratiye  Furnaces. 
W.  R  Shimer,  Over>Ozidation  of  Steel. 

October  16,  2  P.  M, 

Dr.  Richard  K.  Meade,  The  Use  of  Powdered  Goal  as  Fuel. 

H.  R.  Bamhnnt,  The  Use  of  Powdered  Coal  as  Fuel  for  Metallurgical  Furnaces. 

W.  S.  Quigley,  The  Use  of  Powdered  Goal  as  Fuel. 

E.  Stutz,  The  Scoria  Process  for  the  Manufacture  of  Fine-Ore  Briquettes. 

Emile  Hiertz,  Agglomeration  of  I*  lue-Dust  by  the  Chloride  of  Magnesium  Method  at 
the  Works  of  the  S^iete  John  Cockerill. 

Felix  A.  Vogel,  The  Briquetting  of  Flue-Dust  in  the  United  States. 

R'  H.  Lee,  The  Use  of  Nodulized  Ore  in  the  Blast  Furnace. 

C.  P.  Linviiie,  A  Chart  for  Use  in  Connection  with  Wet  and  Dry  Bulb  Thermometers  in 
MakiQf(  Phychrometric  Determinations. 

P.  H.  Gnffin,  The  Future  of  the  Chilled  Car  Wheel. 

October  17,  10  A.  M. 

H.  M.  Howe  and  A.  G.  Leyy,  Determination  of  the  Position  of  Acs  in  Carbon -Iron 
Alloys. 

6.  K.  Bargees,  J.  J.  Crowe,  and  H.  S.  Rawdon,  Thermal  and  Microscopical  Examina- 
tion of  Professor  Howe's  Standard  Commercial  Steels. 

H.  M.  Howe,  Discuflsion  of  the  Existing  Data  as  to  the  Position  of  Ae,. 

H.  M.  Howe,  Aoi,  The  Equilibrium  Temperature  for  A,  in  Carbon  Steel. 

^T.  K.  Burgees  and  J.  J.  Crowe,  The  Critical  Ranges  A,  and  A,  of  Pure  Iron. 

W.  £.  Ruder,  Grain  Growth  in  Silicon  Steel  (if  time  permits). 

J.  H.  Hall,  Shock  Tests  of  Cast  Steel  (if  time  permits). 

October  17,  2  P.  M. 

R.  R.  Abbott,  The  Influence  of  Various  Elements  on  the  Absorption  of  Carbon  by  Steel. 
6.  H.  Gevenger  and  B.  Ray,  The  Influence  of  Copper  upon  the  Physical  Properties  of 
8teel. 

J.  H.  Hall,  The  Life  of  Crucible  Steel  Furnaces. 

H.  F.  Miller,  Jr.,  New  Design  of  Regenerators  for  Open- Hearth  Furnaces. 

October  17,  1913,  6.30  P.  M, 
Subscription  Dinner. 

Herbert  M.  Boylstox,  Secretary. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP. 

Adolphe  £.  BoBiE,  Chairman, 
Thomas  T.  Read,  Secretary^  Woolworth  Bldg.,  New  York,  N.  Y. 

Vice-chairmen, 
John  H.  Allen,  Geobob  M.  Colvocoresseb, 

Richard  M.  Atwateb,  Jr.,  Robert  Peelb, 

Georqb  D.  Barron,  Charles  P.  Perin, 

A.  Chester  Beattt,  Joseph  A.  Van  Mater, 

J.  Pareie  Channino,  Arthur  L.  Walker. 

D.  C.  Baid,                                 R.  C.  Gemmell,  T.  H.  aBrien, 
W.  de  L.  Benedict,  '                F.  Louis  Grammer,  James  J.  Ormsbee, 
John  C.  Bnmner,                         Ernest  A.  Hersam,  Edward  W.  Parker, 
Palmer  Carter,                            Edwin  C.  Holden,  John  B.  Porter, 
Allan  J.  Clark,                            William  L.  Honnold,  F.  Danveis  Power, 
C.  R.  Coming,                            Reeinald  E.  Hore,  R.  M.  Raymond, 

F.  Crabtree,  Teoashiro  Inouje,  Robert  H.  Richardfl^ 

George  G.  Crawford,  C.  Coloock  Jones,  LeRoy  Salsich, 

O.  C.  Davidson,  Eugene  P.  Kennedy,  Henry  Lloyd  Smyth, 

E.  V.  lyinviUiers,  Chester  F.  Lee,  F.  W.  Traphaaen, 
James  S.  Douglas,  Richard  S.  Mc(^a£Fery,  Elton  W.  Walker. 
Walter  Douglas,  James  F.  McClelland,  Cho  Yang, 
Howard  N.  Eavenson,  Milton  H.  McLean,  Morrison  B.  Young. 
Howard  Eckfeldt,  Philip  N.  Moore, 

A  meeting  of  the  Committee  on  Increase  of  Membership  was  held 
following  lunch  at  the  Midday  Club,  Sept.  19,  1913.  Those  present  were: 
A.  E.  Borie,  Chairman;  G,  M.  Colvocoresses,  W.  DeL.  Benedict,  J.  H. 
Van  Mater,  and  Thomas  T.  Reed. 

The  Secretary  reported  that  37  applications  for  membership  were  ^^ 
ceived  in  July,  and  36  in  August,  although  the  work  of  the  Committee 
was  necessarily  lessened  during  the  summer  months.  Between  Jan.  1 
and  Sept.  20,  331  applications  for  membership  were  received,  as  compared 
with  319  for  the  whole  of  the  preceding  year. 

Since  the  last  report  of  the  secretary,  letters  of  invitation  to  send  in  ap- 
plications for  membership  have  been  sent  to  the  graduates  in  mining  of 
the  University  of  Toronto,  Michigan  College  of  Mines,  and  Washington 
State  University.  Similar  letters  are  being  prepared  to  send  to  the  mem- 
bers of  the  staff  of  the  Bureau  of  Mines.  In  the  case  of  the  graduates  of 
the  Columbia  School  of  Mines  who  were  similarly  invited  during  June,  it 
was  reported  that  so  far  as  recorded  10  applications  have  resulted  from  it. 
A  new  field  of  work  which  the  Committee  is  following  is  the  sending  of 
invitations  to  become  members  to  the  authors  of  notable  contributions  to 
the  leading  mining  journals.  It  was  further  reported  that  the  ("omraittees 
of  the  societies  which  have  their  headquarters  in  the  Engineering-Socie- 
ties Building  will,  at  an  early  date,  send  a  joint  letter  of  invitation  to  all 
the  members  of  the  Engineers'  Club,  inviting  them  to  become  members 
of  whichever  society  is  of  the  greatest  professional  interest  to  them.  At 
the  International  Congress  of  Geology  held  at  Toronto,  Aug.  7,  to  14,  a 
supply  of  Bulletins,  Year  Books,  and  applications  for  membership  was 
provided  so  that  those  members  of  the  Institute  present  at  the  Congress 
might  have  every  facility  for  bringing  the  Institute  to  the  attention  oi  de- 
sirable possible  members.  At  the  suggestion  of  this  Committee  the  Presi- 
dent of  the  Institute  sent  each  foreign  member  of  the  Congress  a  cordial 
invitation  to  use  the  oflBces  of  the  American  Institute  of  Mining  Engineers 
as  a  headquarters  upon  visiting  New  York  City.  A  number  of  those  pre- 
sent at  the  Congress  have  already  availed  themselves  of  this  invitation. 

After  some  discussion  the  following  resolution  was  passed : 

"  Resolved,  that  this  Committee  recommend  to  the  Board  of  Directors 
that  members  who  have  been  dropped  shall  be  held  eligible  for  re-election 
on  payment  of  dues  in  full  to  the  time  at  which  they  were  dropped." 

After  some  discussion  it  was  decided  that  the  next  meeting  should  be 
held  at  one  of  the  lunch  clubs  downtown,  Oct.  17,  and  that  the  Secretary 
'hould  send  out  a  special  letter  urging  full  attendance  at  the  meeting. 

he  meeting  then  adjourned.  T.  T.  Bead,  Secretary. 
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PUGET  SOUND  LOCAL  SECTION. 

Executive  OommiUee, 

Chester  P.  Lee,  Chairman. 

C.  R.  Claghorn,  Vice-chairman, 

Joseph  Daniels,  Secretary-Treasurer, 

University  of  Washington,  Seattle,  Wash. 
W.  C.  Butler.  M.  K.  Rodgers. 

On  the  evening  of  Tuesday,  Sept.  2,  an  informal  dinner  was  held  at 
the  University  Club,  Seattle,  Wash.,  at  which  the  Secretary  of  the  Insti- 
tute was  present,  and  a  valuable  and  interesting  conference  took  place 
concerning  the  recent  activities  of  the  Institute  and  the  relations  of  the 
Institute  management  to  the  Local  Sections. 


SOUTHERN  CALIFORNIA  LOCAL  SECTION. 

Executive  Committee. 

Theodore  B.  Comstock,  Chairman. 

Seeley  W.  Mudd,  Vice-Chairman. 

Frederick  J.  H.  Merrill,  Secretary-Treasurer, 

300  Germain  Building,  Los  Angeles,  Cal. 

C.  CoLCOcK  Jones.  Frank  Robbins. 

Maintains  headquarters  at  300  Germain  Building,  Los  Aneeles.  Mem- 
bers of  the  Institute  are  invited  to  visit  these  headquarters  wnenever  they 
are  in  the  city. 

A  reception  was  held  at  the  headquarters  of  the  Section  on  Wednesday, 
Sept.  10,  at  8  p.m.,  to  meet  the  Secretary  of  the  Institute  and  discuss  In- 
stitute activities  and  affairs.  Light  refreshments  were  served,  and  about 
20  members  of  the  Section  attended. 


COLORADO  LOCAL  SECTION. 

Executive  Committee. 

William  J.  Cox,  Chairman. 
Charles  J.  Moore,  Vice- Chairman. 
C.  LoRiMER  CoLBURN,  Secretary- Treasurer, 
614  Ideal  Building,  Denver,  Colo. 
Thomas  B.  Stearns.  Richard  A.  Parker. 

At  the  request  of  a  number  of  members  of  the  Colorado  Local  Section, 
President  Rand  visited  Denver  on  Sept.  2,  and  addressed  a  meeting  of 
the  members  after  luncheon  at  the  University  Club. 

At  noon  on  Tuesday,  Sept.  16,  a  meeting  of  the  Colorado  Local  Section 
was  held  at  luncheon  at  the  Hotel  Adams,  Denver,  25  members  being 
present.  The  officers  whose  names  are  given  above  were  then  elected 
and  the  Constitution  and  By-Laws  of  the  Section,  which  had  been 
already  approved  by  the  Board  of  Directors  of  the  Institute,  were  adopted. 
Short  informal  addresses  were  made  by  David  W.  Brunton,  Victor  C. 
Aldereon,  William  J.  Cox,  Bradley  Stoughton,  and  Seeley  W.  Mudd,  the 
two  latter  being  the  guests  of  the  Section. 
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SAN  FRANCISCO  LOCAL  SECTION. 

Committee. 

S.  B.  Christy,  Chairman. 
H.  Foster  Bain,  H.  C.  Hoover, 

Edward  H.  Benjamin,  William  C.  Ralston, 

F.  W.  Bradley. 

A  meeting  of  the  Section  was  held  at  dinner  at  the  Hotel  Belleview,  San 
Francisco,  Cal.,  on  the  evening  of  Friday,  Sept.  5,  1913.  Prof.  Samuel  B. 
Christy  presided  as  Toastmaster,  and  an  informal  address  was  made  by 
the  Secretary  of  the  Institute,  and  short  speeches  were  made  by  each  one 
of  the  12  members  present. 


BOSTON  LOCAL  SECTION. 

Committee. 

Robert  H.  Richards,  Chairman. 
Albert  Sauveur,  Vice-Chairman. 
Augustus  H.  Eustis,  Secretary-Treasurer^  131  State  St.,  Boston,  Mass. 
Timothy  W.  Sprague.  Henry  A.  Wentworth. 

The  thirteenth  meeting  of  the  Boston  Local  Section,  preceded  by  a 
dinner,  was  announced  to  be  held  at  the  Engineers'  Cluo,  2  Common- 
wealth Avenue,  Boston,  on  Monday  evening,  Oct.  6,  1913,  at  which  Prof. 
Henry  I.  Smyth  was  to  speak  on  The  Taxation  of  Mining  Property. 


ILLINOIS  STUDENT  BRANCH  OF  THE  INSTITUTE. 

M.  L.  Nebel,  President.  Willis  Leriche,  Secretary. 

The  first  meeting  of  the  college  vear,  1913-1914,  was  held  on  Thursday 
evening,  Oct.  2,  at  the  residence  of  Professor  and  Mrs.  H.  H.  Stock.  The 
meeting  consisted  of  a  social  gathering  for  the  purpose  of  promoting  better 
acquaintance  between  the  faculty  and  students  of  the  Department  of 
Mining  Engineering. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES. 

The  Board  of  Directors  of  the  Institute  has  granted  authority  to  the 
President  to  appoint  a  Committee  on  Junior  Members  and  Affiliated  Stu- 
dent Societies,  in  order  to  promote  this  phase  of  the  Institute's  activities, 
and  especially  to  bring  about  a  closer  relationship  between  the  student 
societies  and  junior  members  and  the  members  and  management  of  the 
Institute. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
Abcerican  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cutteb,  Librarian. 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to  9  p.m. 
on  all  week-days,  except  holidays,  from  September  1  to  June  30,  and  from 
9  A.M.  to  6  p.m.  during  July  and  August.  The  Library  contains  about 
55,000  volumes,  including  sets  of  technical  periodicals  and  the  publica- 
tioDs  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a  por- 
tion of  their  time  in  localities  isolated  from  sources  of  information.  To 
these  the  Library  can  render  valuable  service  through  correspondence ; 
letters  requesting  information  will  receive  special  attention.  The  Library 
Us  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metalluigical  subjects ;  to  determine  the  existence  of  mining-maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for  such 
collateral  matter  will  be  saved,  and  the  information  Will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining-reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classined,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions. 

Aug.  16  to  Sept  30,  1913. 

Amebican  Institute  of  Metals.     Transactions,  Vol.  VI.     Buffalo,  1913.    ( Exchange. ) 

AxNALBS  DBS  MiNES.  Table  des  Matidres,  1902-1911.  Paris,  1913.  (Gift  of  Dunod  et 
Pinat) 

Oqr  Abtebian  Waters.     Observations  in  tbe  Laboratory  and  in  the  Field.     By  B.  S. 

Symmonds.    Sydney,  1912.     (Gift  of  Author. ) 
Belgium.    Mikist^re  ds  L'Intbrieur.     Annuaire  Statistique  de  la  Belgique,  1912. 

Bruxelles,  1913.     (Gift  of  Ministdre  de  L'lnterieur.) 
BiBLiooRAPHiE  DER   Deittschbn   Zeitschriften  Literatur.     Band  XXXI.,    1912. 

By  F.  Dietrich.     Leipzig,  1913.     (Purchase.) 

BlBLIOGRAPHIE    DER    FREaffD6PRACHIGEN    ZeITSCHRIFTENLITERATUR.      Bd.    V.      By    F. 

Dietrich.     Leipzig,  1913.     (Purchase.) 

BiBuoGRAPHY  OF  WASHINGTON  Geology  AND  GEOGRAPHY.  (Bulletin  No.  12,  Wash- 
ington Geological  Survcy. )     Olympia,  1913.     (Fxchange.) 

Boston  Socikty  of  Civil  Engineers.    Year  Book,  1913-14.    Boston,  1913.    (Exchange. ) 

Beoken  Hill  Proprietary  Ck).  Reports  and  Statements  of  Account  for  half-year  end- 
ing May  31,  1913.     Victoria,  1913.     (Gift  of  Broken  Hill  Proprietary  Co. ) 

Broken  Hill  South  Silver  Mining  Co.  Reports,  Statements  of  Accounts,  etc.,  for 
half-year  ended  June  30,  1913.     Melbourne,  1913.     (Gift  of  W.  E.  Wainwright. ) 

Brooklyn  Engineers'  Club.     Phroceedingp,  1912.     Brooklyn,  1913.     (Gift  of  Club. ) 
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Cement  Besoubces  of  the  Black  Hills.  (Bulletin  No.  8,  Soath  Dakota  School  of 
Mioes.)     Bapid  City,  1908.     (ExchaDge.) 

Ck>AL  Resources  of  the  Wo^ld.  Vols.  1-3,  with  Atlas.  An  inquiry  made  upon  the 
initiative  of  the  Executive  Committee  of  the  XII.  International  Geological  GongroB, 
Canada,  1913.  Toronto,  Morang  &  Co.,  Ltd.,  1913.  Price,  $25  per  set  net  (Gift  of 
Publishers. ) 

Cohite  deb  Forges  de  France.     Annuaire,  1913-14.    Paris,  1813.     (Exchange.) 
Contributions  to  Scientific  and  Technical  Publications.    1883-1913.    By  W.  B. 
Phillips.     N.  p.,  n.  d.     (Gift  of  Author.) 

Economic  Minebals  and  Mining  Industries  of  Canada.    Ottawa,  1913.   (Exchange. 

Engineering  Standards  Committee.  Biitish  Standard  Screwing  for  Marine  Boiler 
Stays.     (No.  62.)     August,  1913.     Westminster,  1913. 

British  Standard  Specifications  for  Cold  Drawn  Weldless  Steel  T^bes  for  Locomo- 
tive Boilers.     (No.  53,  revised.)     August,  1913.     London,  1913. 

British  Standard  Specification  for  Sizes  of  Broken  Stone  and  Chippings.     (Na  63.) 

London,  1913. 

British  Standard  Specification  for  Steel  Fishbolts  and  Nuts  for  BaUway  Bails. 


(No.  64.)     London,  1913. 

British  Standard  Specification  for  Wrought  Iron  for  use  in  Bailway  Boiling  Stock. 


(No.  51,  revised.)    London,  1913.     (Gift  of  Engineering  Standards  Committee.) 

Engineers'  Club  OF  Philadelphia.      Directory,  1913.      Philadelphia,  1913.     (Ex- 
change. ) 
Fabrication  de  L'Acier.    Ed.  10.    By  H.  Noble.    Paris,  1913.     (Purchase.) 

Financial  and  Economic  Annual  of  Japan.    13th,  1913.    Tokyo,  1913.     (Gift  of 

Department  of  Finance  of  Japan. ) 
General  Metallurgy.    Bj  H.  O.  Hofman.     New  York,  McGraw-Hill  Book  Co.,  1913. 

Price  Iti  net.     (Gift  of  Publishers. ) 

[Note. — It  is  many  years  since  Professor  Hofman,  before  taking  his  place  in  the  facultj 
of  the  **Tech,''  made  himself  known  to  the  metallurgical  public  as  a  singularly  close  ob- 
server, keen  investigator  and  comprehensive  reporter  of  practice  and  progress  in  that 
sphere.  The  monographs  and  books  which  he  has  already  publtshed.  as  well  as  the 
students  whom  he  has  trained,  bear  witness  to  his  competency  as  autnor,  teacher  and 
critic ;  and  it  is  matter  for  general  congratulation  that  he  is  preparing  a  series  of  metal- 
lurgical treatises,  of  which  the  present  volume  is  the  first.  The  others,  which  will  be 
issued  at  brief  intervals,  will  deal  with  copper,  iron  and  steel,  lead  and  the  minor  metak 

Under  the  head  of  general  metallurgy,  the  book  before  us  treats  of  the  properties  of 
metals  and  alloys ;  metallic  compounds  and  ores  ;  fuel ;  refractory  materials ;  pyrometal- 
lurgical,  hydrometallurgical  and  electrometallurgical  processes  and  apparatus ;  the  opera- 
tions of  mechanical  metallurgy  (including  the  crushing,  dressing  and  briquetting  of  okAj 
the  forging,  rolling  and  drawing  of  metals  and  alloys,  the  pumping,  piping  and  filtering  of 
liquids,  and  the  conduction,  compression,  preheating,  dessicatian  and  purification  of  air  and 
gases) ;  metallurgical  products  ;  and  economic  considerations.  In  all  these  departments, 
the  clear  and  comprehensive  text  is  enrichei  with  numerous  illustrations  and  copious  ref- 
erences to  modern  technical  literature.  In  his  preface,  the  author  gives  discriminatiDg 
credit  to  the  general  treatises  of  Griiner,  Kerl,  Schnabel  and  others,  but  shows  conclusi relj 
that  no  one  of  them  satisfactorily  covers  the  ground.  In  short  he  demonstrates  that  there 
was  a  place  for  his  work,  and  the  work  itself  tills  that  place  well. — K.  W.  K.] 

Geologic  Reconnaissance  of  the  Fairbanks  Quadrangle,  Alaska.  (Bulletin 
No.  525,  U.  S.  Geological  Survey.)     Washington,  19 1 3.     (Exchange.) 

Geology  and  Ore  Deposits  of  Lemhi  County,  Idaho.  Bulletin  No.  528,  U.  S. 
Geological  Survey.    Washington,  1913.     (Exchange.) 

Geology  and  Ore  Deposits  of  the  Covada  Mining  District.      (Bulletin  No.  16. 

Washington  Geological  Survey. )     Olympia,  1913.     (Exchange.) 
Geology   and  Ore  Deposits  of  the  San  Francisco  and  Adjacent  Districts, 

Utah.     (Professional  Paper  No.  80,  U.  8.  Geological  Survey. )     Washington,  lvl3. 

(Exchange.) 

Geology  of  the  Nome  and  Grand  Ckntral  Quadrangles,  Alaska.  (Bulletio 
No.  533,  U.  S.  Geological  Survey.)     Washington,  1913.     (Exchange) 

Handbuch  dicr  MI^ERALCH£MIE.  Band  II,  pt.  3.  By  C.  Doelter.  Dresden-Leipiig, 
1913.     (Purchase.) 

Igneous  Rocks.  Vol.  2.  By  J.  P.  Iddings.  New  York,  1913.  Price,  $6  net,  (Gift 
of  John  Wiley  &  Sons. ) 
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[NoTK. — In  the  BuUelin  for  September,  1909, 1  ezpreesed  mj  admiration  of  the  first 
volume  of  this  treatise.  The  second  vohime,  dealing  with  the  description  and  occurrence 
of  the  igneous  rocks,  is  worthy  of  equal  praise.  No  other  department  of  geology  has  re- 
ceived greater  illumination  through  the  modem  means  of  laboratory  research  and  field 
examination.  Mr.  Iddings  has  collected  from  an  abundant,  though  scattered,  literature, 
and  from  his  own  original  work,  ample  material  for  a  comprehensive  and  systematic  ac- 
count As  he  frankly  confesses  in  his  preface,  the  great  difficulty  in  using  this  material 
has  been  its  heterogeneity  in  respect  of  the  method  of  observation  and  the  nomenclature 
of  records.  Coming  from  different  observers,  the  same  names  of  classes  or  Hoecies  do  not 
always  mean  the  same  things.  But  Mr.  Iddings  has  met  this  diffii-ulty  with  noteworthy 
skill,  80  that  his  book  presents  a  practically  trustworthy  summary  of  the  classification  and 
distribation  of  the  igneous  rocks  of  a  large  part  of  the  earth's  surface.  Forty  years  ago, 
in  addressing  an  international  meeting  of  geologists  at  the  Vienna  Exposition  of  1873,  I 
made  bold  to  say  that  the  North  American  continent  would  supply  the  material  for  a  new 
chapter  in  geology,  whenever  the  record  of  its  igneous  rocks  should  be  deciphered.  This 
vague  prophecy,  based  upon  my  own  superficial  reconnaissance  of  a  lai^e  part  of  the 
Pacific  slope,  has  received  overwhelming  fulfilUnent  through  th^  work  of  American  geo- 
loi;ical  explorers  and  students,  from  Richthofen  down  through  a  long  and  illustrious  list. 
Mr.  Iddings's  admirable  discussion  of  North  America  and  contiguous  isbtnds  furnishes 
much  more  than  the  chapter  of  which  I  then  dreamed  ;  and  his  book  as  a  whole,  with  its 
fine  generalizations,  clear  descriptions,  and  almost  innumerable  tabulated  analyses,  is  a 
book  which  Amerieans  will  receive  with  pride,  and  all  the  world  with  praise  and  thanks. — 
R  W.  R.] 

InternationaIj  Railway  Fuel  Associatioit.  Proceedings  of  the  Fifth  Annual  Con- 
yention.     N.  p.,  n.  d.     (Gift  of  International  Railway  Association. ) 

IsTBoDucTiow  TO  THE  Study  OP  loNSOCTS  RocKJB.  Bj  G.  I.  Fiulay.  New  York,  McGraw- 
Hill  Book  Co.,  1913.     ( Purchase. ) 

iKVEmoATiON  OP  Detonatobs  AND  Electbic  Detonatobs.  (Bulletin  No.  59,  U.S. 
Bareau  of  Mines. )     Washington,  1913.     ( Exchange. ) 

Iron  AND  Steel  Institute.    Journal,  vol.  87,  1913,  No.  1.    London,  1913.   (Exchange.) 

Jahbbuch  DEB  Elektrochemie.     Jahrgang  XV,  1  Halfte.     Halle,  1913.     (Purchase.) 

John  Cbebah  Library.     List  of  Current  Medical  Periodicals  and  Allied  Serials.    Ed. 

2,  April,  1913.     Chicago,  1913.     (Exchange.) 
KSxiGUCBEN  fieROAKADEMiE  zu   Clausthal.     Chroulk,  1912-13.     Clausthal,  1913. 

(Exchange.) 

veizeichnis  der  Vorlesungen,  1913-14.     Clausthal,  1913.     (Exchange.) 

KoNiGL.    Sachs.    Beboakademie  zu  Freibero.    Programm,  1913-14.    Freiberg,  1913. 

(Exchange.) 
Di£  Lauebstatten  der  Nutzbaren  Minebalien  und  Gesteine  nach  Form,  In- 

halt  und  ENTflTEHUNG.      Drci  Bande.      II  Band.      By  F.  Beyschlag,  P.  Erusch 

and  J.  H.  L.  Vogt.     Stuttgart,  1913.     (Purchase.) 

Metal  Industry.     Vols.  1-4.     London,  1909-12.     (Purchase.) 

Mstallbank  und  Mbtallurgische  Gesbllschaft.  Comparative  Statistics  of  Lead, 
Copper,  Spelter,  Tin,  Aluminium,  Nickel,  Quicksilver  and  Silver.  19th  annual  issue, 
1903-1912.  Frankfort  on  Main,  1913.  (Gift  of  Metallbank  und  Metallurgische 
Ge^ellschaft ) 
Michigan  College  of  Mines.  Year  Book,  1912-13.  Houghton,  1913.  (Exchange.) 
Mississippi  State  Geological  Survey..  Bulletin  No.  10.  Jackson,  1913.  (Ex- 
change. ) 

MiTTEILUNGEN    AUS    DEK   ElSENHt^TTENMlNNISCHEN   InSTITUT  DER   K5nIGL.      TeCHN. 

HocHscHULE  Aachen.     Band  V.     By  F.  VViist.     Halle,  1913.     (Purchase.) 

New  South  Wales.  Department  of  Mines.  Mineral  Besonrces.  No.  7.  Sydnev, 
1913.     ( Exchange. ) 

Nova  Scotla.    Department  of  Mine^.     Report,  1912.    Halifax,  1912.     (Exchange.) 

Ohio.  Geological  Survey.  Bulletin  No.  17  (4th  ser.).  Columbus,  1912.  (Ex- 
change. ) 

OsTABio.  Bureau  of  Mines.  Report,  vol.  19,  pt.  11.  Toronto,  1913.  (Gift  of 
Bureau  of  Mines  of  Ontario. ) 

Oriental  Consolidated  Mining  Co.  Report  for  the  year  ending  June  30,  1913.  New 
York,  I9I3.     (Gift  of  Oriental  Consolidated  Mining  Co. ) 

PRsoleum.    Ed.  3y  vols.  1-3.     By  Boverton  Redwood.     London,  1913.     (Purchase.) 
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Philadeiphia  Museum  (CoMMEKCiAii).    Annua]  Report,  1912.     Philadelphia,  1912. 
( Exchange. ) 

Prevention  op  Waste  op  Oil  and  Gas  from  Flowing  Wells  in  California. 
(Technical  Paper  No.  42,  U.  S.  Bureau  of  Mines.)    Washington,  1913.    (Exchange., 

Princeton  Engineering  Association.  Report  and  List  of  Members,  1913-14.  Nev 
Jersey,  1913.     (Gift  of  Association. ) 

Rand  Metallurgical  Practice.  Vol.  2.  London,  1912.  (Gift  of  W.  A.  Caldecwtt 
and  W.  R.  Dowling. ) 

[Note. — The  first  volume  of  this  work  was  noticed  in  BuU^tin  No.  68  (August,  19121, 
and  what  was  there  said  of  the  undertaking  as  a  whole  need  not  be  repeated  here.  That 
volume  was  produced  by  several  leading  practitioners  on  the  Rand,  each  treating  a 
separate  subject.  This  one,  dealing  with  the  design  and  construction  of  plants,  and  the 
transportation  of  materials,  is  the  work  of  a  single  author,  Mr.  C.  O.  Schott,  member  of 
the  Institution  of  Mining  and  Metallurgy,  and  of  the  South  African  Institution  of  Engi- 
neers. It  presents  a  clear  and  comprehensive  statement,  accompanied  by  434  illustratioci, 
of  the  practice  on  the  Rand. — R.  W.  R.] 

South  Dakota  School  op  Mines.     Bulletin  No.  8.     Rapid  City,  1908.     (Exchange,  i 

SUL  MODO  DI  FORMAZIONE  DEI  PrINCIPALI  GiACIMENTI  MeTALLIPBRI  AVENTI  FOSMl 

Di  iRREGOLARi  Ammassi  o  DI  Strati.      By  P.  Tofio.      Roma,  1913.      (Gift  of 
Author. ) 

Sulla  Genesi  dei  Giacimenti  Solfiferi  di  Sicilia.  By  P.  Toeo.  Roma,  1913. 
(Gift  of  Author.) 

SvENSKA  Teknologf5reningen.    Ledamotsforteckning.    Juli,  1913.    Stockholm,  1913. 

(Exchange.) 
Tasmania.     Secretary  for  Mines.     Report,  1912.     Tasmania,  1913.     (Exchange.) 

Treatise  on  General  and  Industrial  Organic  Chemistry.  By  Ettore  Molin&ri. 
Translated  from  the  second  enlarged  and  revised  Italian  edition  by  T.  H.  Pope. 
Philadelphia,  P.  Blakiston's  Sons  A  Co.,  1913.     Price  $6.     (Gift  of  Publishers. ) 

&NoTE. — Dr.  Molinari  is  Professor  of  Industrial  Chemistry  to  a  technical  society  Id 
an,  and  of  Muceology  at  the  Luigi  Bocconi  Commercial  University  in  the  same  citj. 
His  book  on  General  and  Industrial  Chemistry  (noticed  in  the  Bulletin  of  December  last  i 
was  translated  by  Dr.  Ernest  Feilman,  of  London.  Mr.  Pope,  tlie  translator  of  the  present 
work,  is  an  instructor  in  the  School  of  Malting  and  Brewing  of  the  University  of  Birming- 
ham, and  his  translation  constitutes  practically  a  third  edition,  since  the  author  himself 
has  contributed  new  material  to  it — chiefly  additional  statistics  for  Great  Britain  and  the 
United  States. 

What  I  said  of  the  former  treatise  may  be  said  with  equal  truth  of  this.  It  is  a  wonder- 
fully clear,  compact,  and  comprehensive  account  of  modern  organic  chemistry,  both  in 
theory  and  in  industrial  application.  The  introduction  of  the  latter  element  gives  to  it  & 
fascination  and  interest  not  to  be  expected  in  a  purely  abstract  discussion. 

Part  I.  deals  with  the  general  aspects  of  the  subject,  such  as  the  purification,  analvsii 
empirical  formulae,  properties,  classification,  and  nomenclature  of  organic  compounds. 
Part  II.  discusses  the  derivatives  of  methane  (hydrocarbons  and  their  halosen  derivatives, 
alcohols  and  their  derivatives,  acids  and  their  derivatives,  and  aldehydic  lucohols).  Pkrt 
III.  IS  devoted  to  cyclic  compounds  (cycloparafBns  and  benzine  derivatives  or  aromatic 
compounds — the  latter  title  covering  a  lon^  list  of  perfumes  and  dyes — ^and  textile  fibers, 
proteins,  glucosides,  etc. ).  At  every  step  industrial  applications  and  processes  are  collat- 
erally described,  so  that  the  book  becomes  a  cyclopedia.  For  interesting  specimens  of 
this  method,  the  reader  may  be  referred  to  the  sections  on  the  origin  of  petroleum,  the 
manufacture  of  soap,  the  theory  and  practice  of  dyeing,  and  to  many  others,  equally  up-to- 
date.  Like  the  treatise  on  inorganic  chemistry,  above  mentioned,  it  is  the  equivalent  of 
two  volumes.  Its  769  pages  of  small  but  clean  and  clear  type  with  more  than  500  '*  iDset" 
illustrations  present  an  amazing  amount  of  logically  arranged  and  thoroughly  indexed  in- 
formation. The  success  of  the  author's  method  is  the  more  conspicuous  in  this  case,  as  the 
subject  of  organic  is  more  complicated  and  di£5cult  to  handle  than  that  of  inorganic  chem- 
istry.—R.  W.  B.] 

Union  of  South  Africa.  Mines  Department.  Annual  Keport,  1912,  pt.  1-2.  Pretoria, 
1913.     (Gift  of  South  Africa  Mines  Department. ) 

U.  S.  Bureau  of  Mines    Bulletin  Nos.  59,  61.     Washington,  1913.     (Exchange.) 

Technical  Pkipers  Nos.  42,  47.     Washington,  1913.     (Exchange.) 

U.  S.  Coast  and  Geodetic  Survey.  Results  of  observations  nuide  at  the  United  State? 
Coacit  and  Geodetic  Survey  magnetic  observatory  at  Cheltenham,  Maryland,  1911  and 
1912.     Washington,  1913.     (Exchange.) 
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U.  S.  Qeological  Survey.   Bulletin  Nob.  525,  528, 533:  Washington,  1913.    (Exchange.) 

Professional  Paper  Nos.  80,  85-A.     Washington,  1913.     (Exchange.) 

U.  S.  Ikterstatk  Commerce  Ck)MMrsBiON.  Bulletin  of  revenues  and  expenses  of  steam 
roads  in  the  United  States,  No.  54,  May,  1913.  Washington,  1913.  (Gift  of  Ck>m- 
mission. ) 

U.  S.  National  Museum.     Proceedings.     Vol.44.    Washington,  1913.     (Exchange.) 

Report  on  the  Progress  and  Condition  of  the  United  States  Museum  for  the  year 

ending  June  30,  1912.    Washington,  1913.     (Exchange.) 

Washingtoh  Geological  Survey.    Bulletin  Nos.  12,  16.   Oljmpta,  1913.    (Exchange.) 

West  of  Scotland  Iron  and  Steel  Institute.  List  of  members,  1912-13.  Glasgow, 
1913.     (Exchange.) 

Wbbtern  Australia.  Department  of  Mines.  Report,  1912.  Perth,  1913.  (Ex- 
change. ) 

Yale  University.     Report  of  the  Presidenti  1912-13.    New  Haven,  1913.    ( Exchange. ) 

Technischen  Hochschule  Fridericiana  zu  Karlsruhe. 

BuRGTN,  J.    Genauiffkeitsuntersuchungen  iiher  die  Bestimmungder  Fntensitat  der  Schwer- 

kraftdnrch  relative  pendelmessungen.     Karlsruhe,  1912. 
Carter,  F.  E.     Ueber  die  Verbrennung  von  WasserstofT  mit  Sauerstoff.     Miinchen,  1912. 

Czak6,  Emerich  Beitrage  zur  Kenntnis  naturlicher  Gasausstromungen.  Karlsruhe, 
1913. 

Fajahs,  Kasamir.     Die  verzweigung  der  Radiumzerfallsreihe.     Heidelberg,  1912. 

JoYNER,  R.  A.  Katalvse  Ton  Camphocarbonsanre  durch  Basen  in  verscheiedenen  Lo- 
sangsmitteln.     Karlsruhe,  1913. 

Karlbruhb  Technische  Hochschule.     Programm,  1913-14.     Karlsruhe,  1913. 

Maschko,  Alfred.     Neubestimmung  des  Ammoniakgleichgewichtes  bei  gewohnlichem 

Druck.     Karbsruhe,  1913. 
Plieningei^  Reginald.     Untersuchungen  uber  das  Verfahren  :  Eisen  mittels  des  Sauer- 

stoffstrahles  zu  durchtrennen  (autogenes  schneidverfahren).     Zurich,  1912. 

ScHLrMBERGER,  Ernst.  Ucbcr  die  statische  Bestimmung  des  Ammoniakgleichgewichtes 
in  der  Nahe  von  dOO""  C.     Karlsruhe,  191 2. 

Schumann,  W.  O.  Uber  die  Drehmomente  der  Dampferwicklun}?  einer  Mehrphasen 
Synchronmaschine  bei  kleinen  Pendelschwingungen  im  Parallelbetrieb.  Karlsruhe, 
1912. 

ScHWAiOER,  A.     Belastungsausgleich  in  Kraftwerken.     Berlin,  1912. 

Seeoer.  Walter.     Ueber  die  Verwendung  australischer  Schiefer  zur  Gaserzeugung. 

Karlsruhe,  1913. 
Weissmann,  Leon.     Ueber  die  Abgabe  von  elektrisch  geladenen  Teilchen  durch  einen 

gluhenden  Platindraht  wahrend  der  Katalyse  von  Knaligas.     Leipzig,  1912. 

WiRZ,  Emil.  Britrag  zur  Theorie  und  Untersuchung  dar  Ferrarismessgeriite.  Berlin, 
1912. 

Gift  op  Hill  Publishing  Co. 

Brandeis,  Goldschmidt  &  Co.     Annual  Report,  1910. 

Canada.  Customs  Department.  Trade  and  Navigation  unrevised  monthly  statements 
of  imports  entered  for  consumption.     May,  1913. 

Federal  Mining  <&  Smelting  Co.  Annual  Report  for  the  fiscal  year  ending  Aug.  31, 
19n. 

Maryland.    Conservation  Commission.    Report,  1908-09. 

Mount  Morgan  Gold  Mining  Co.,  Ltd.  Reports  and  statements  of  accounts  for  year 
ended  May  31,  1913. 

National  Lead  Co.     Report,  1907,  1910. 

Oberschlbsischen  Berg  und  Huttenmannischen  Verctns.     Bericht,  1912-13. 

Panama  Pacific  International  Exposition.    Universal  Exposition,  1915.    Rules  and 

regulations, 
Vnited  States  Smelting,  Refining  &  Mining  Co.     Annual  Report,  7th,  1912. 
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Tbade  Catalogues. 

Abenaoue  Machine  Works.     Boston,  Mass.     Portable  air  compresBors.    36  pp. 

AsBBBTos  Protected  Metal  Co.,  Beaver  Falls,  Pa.  Bulletin  No.  53.  Asbestos  steel  for 
roofs  and  walls. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111.  Bulletin  No.  148.  Hand  drills  and  port- 
able compressors.     Sept.,  1913. 

Bull.  E-29.     Duntley  Electric  Grinders.     Aug.  1,  1913. 

Bull.  34  B.     "Chicago  Pneumatic"  Power-driven  Compressors.     May,  1912. 

Be  La  Verone  Machine  Co..  New  York,  N.  Y.  Bulletin  No.  132.  "De  La  Vergne" 
oil  engine  Type '*  FH." 

Hendbyx  Cyanide  Machinery  Co.,  New  York,  N.  Y.  Catalogue  No.  8.  Hendiyx 
agitator. 

HoYT  Metal  Co.,  St.  Louis,  Mo.    Catalogue  of  articles  manufactured.     1913. 

Lfschen,  a.  &  Sons  Rope  Co.,  St.  Liouis,  Mo.     Leschen's  Hercules.    Sept,  1913. 

McCoBD  Manufacturing  Co.,  Detroit,  Mich.  Form  129  A.  Class  *'B"  force-feed 
lubricator. 

Merrill  Metallurgical  Co.,  San  Francisco,  Cal.  Merrill  Zinc  Dust  (or  Powder)  Pre- 
cipitation Process. 

Merrill  automatic  sluicing  pressure  slime  filter. 

^-^—  Merrill  sluicing  clarifying  falter. 

Sanford-Day  Iron  Works,  Enozville,  Tenn.    Wheelology.    Aug.,  1913. 

Wheeling  Corrugating  Co.,  Wheeling,  W.  Va.  Butt-joint  nestable  corrugated  metil 
culvert. 

United  Engineering  Society  Library. 

Fire  Tests  of  Floors  in  the  United  States.  (International  Association  for  Testing 
Materials,  Vlth Congress,  New  York.)  By  I.  H.  Woolson.  New  York,  1912.  (Gift 
of  I.  H.  Woolson. ) 

Intern ATiONALEN  KXltekongrbss  (Dritte).  Festschrift,  Washington-Chicago,  Sept. 
15-24,  1913.     Berlin,  1913.     (Gift  of  Internationalen  Kaltenkongre^s. ) 

New  York  Times  Index.    January- June  (2  vols.).     New  York,  1913.     (Purchase.) 

Les  NouvEAur  Soientifiques  et  Industriels.     Vols.  1-2,  1902-12.      Paris,  190S- 

1913.     (Purchase.) 
Ohio.    Public  Service  Commission.     Report,  1912.    Springfield,  1913. 

A  compilation  of  the  laws  of  Ohio  affecting  the  Kegulation  of  Kailroads  and 

Public  Utilities,  1913.     Columbus,  1913. 

An  Act  to  create  the  Public  Utilities  Commission  of  Ohio,  to  prescribe  its  or- 
ganization, etc.     N.  p.,  1913.     (Gift  of  Ohio  Public  Service  Commission.) 

Progress  of  German  Shipbuilding,  with  special  reference  to  the  evolution  of  the  fleet 

of  the  Norddeutscher   Lloyd.     ( English- German. )     Berlin,  1909.     (Gift  of  North 

German  Lloyd  Steamship  Co. ) 
Thirty  Years  of  New  York,  1882-1912,  being  a  historvof  electrical  development  in 

Manhattan  and  the  Bronx.     New  York,  Press  of  the  New  York  Edison  Co.,  19 IS. 

(Gift  of  New  York  Edison  Co. ) 

This  is  an  extremely  interesting  volume,  giving  not  only  a  history  of  the  company,  show- 
ing its  marvelous  growth,  but  containing  much  matter  relating  to  old-time  New  York,  the 
New  York  of  the  horse  car,  the  gas  light,  and  the  eleva  orless  building;  a  city  without 
electric  cars  or  telephone.  The  work  is  profusely  illustrated,  having  many  reproductions 
of  sketches  by  Joseph  Pennell,  Vernon  ilowe  Bailey,  and  others. 

A  comparatively  small  edition  was  printed.  This  is  regrettable,  for  the  book  deserves 
a  wide  circulation.  This  is  one  of  two  books  in  the  Library  which  the  Librarian  has  read 
through.— W.  P.  C. 

Trow'b  General  Directory  of  the  Boroughs  of  Manhattan  and  Bronx,  City 
OF  New  York.    Vol.  127,  1913.     (Purchase.) 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  month  of  September,  1913: 

Members. 

ANDEB90N,  Andrew  P.,  Min.  Engr 908  Story  Bids.,  Lob  Angeles,  Cal. 

Andbos,  Stxfhen  O.,  Min.  Engr UniveiBity  of  Illinois,  Urbana,  111. 

Beckett,  Percy  Q.,  Min.  Engr Globe,  Arix. 

Blair,  Thomas  S.,  Jr.,  Prest.  Blair  Engrg.  Co 343  8.  Dearborn  St.,  Chicago,  111. 

Boyle,  Harry,  Min.  Engr 807  Lowman  Bldg.,  Seattle,  Wash. 

Bbaden,  Eugene  B.,  Vice-Prest,  Selby  Smelting  &  Lead  Co., 

Merchants  Exchanse  Bldg.,  San  Francisco,  Cal. 
Chalmers,  John  W.,  Min.  and  Elec.  Engr.,  Morro  Velho,  villa  Nova  de  Lima, 

Honorio  Becalho,  Mines  Geraes,  Brazil,  So.  America. 

CoMiNS,  Waldo  H.,  Sapt,  St  Lonis  Smelting  &  Refining  Co St.  Francois,  Mo. 

Dodge,  Cleysland  E.,  Mining W)  Park  Ave.,  New  York,  N.  Y. 

Dunn,  Edgar  M.,  Metallui^cal  Chemist P.  O.  Box  335,  Anaconda,  Mont. 

Elsiko,  Morris  J.,  Min.  Engr.  and  Geol.,  Cananea  Cons.  Copper  Co. ,  Cananea,  Son..  Mexico. 

Elton,  James  O.,  Met  Engr 611  Maple  Street,  Anaoonaa,  Mont 

Enoelhardt,  Eugene  N.,  Snpt.,  Selbj  Smelting  A  Lead  Co.,  647  El  Dorado  Ave.. 

Oakland,  Cal. 

Evans,  David  J.,  Smelter  Sapt,  Cons.  Arizona  Smelting  Co Humboldt,  Ariz. 

Gbibe,  Emil,  Min.  Engr Warren,  Ariz. 

Hackwood,  Arthur  W.,  Mill  Supt,  North  American  Smelting  Co , 

rerth  Road,  Ont ,  Canada. 

Hamilton,  Harry  F.,  Mining , Bisbee,  Ariz. 

Hammond,  Lyman  P.,  Vice-Prest.  and  Genl.  Mgr.,  Colorado  Power  Co., 

Symes  Bidg.,  Denver,  Colo. 

Hawlet,  Robert  H.,  Asst  Supt,  Magna  Plant,  Utah  Copper  Co Garfield,  Utah. 

Hates,  Francis  H.,  Geol P.  O.  Box  267,  Morenci,  Ariz. 

Henderson,  Robert  M.,  Mgr.,  Wellington  Mines  Co Breckenridge,  Colo. 

Henry,  Wilbur  E.,  Ore  Dept,  New  Jersey  Zinc  Co 55  Wall  St,  New  York,  N.  Y. 

Hess,  Edwin  W.,  Cons.  Engr Kratzer  Bldg.,  Clearfield,  Pa. 

Heb8,  Rush  Miner,  Min.  Kngr.,  South  American  Mines  Co., 

P.  O.  Box  655,  Guayaquil,  Ecuador,  So.  America. 

Hinckley,  Elmer  R.,  Mine  Supt,  Chosen  Mining  Co Seoul,  Korea. 

Jackson,  George  T.,  Min.  Engr.,  Alaska-Gastineau  Mining  Co Juneau,  Alaska. 

Jackson,  Walter  S,  Min.  Engr P.  O.  Box  *283,  Morenci,  Ariz. 

Kammerer,  Charles,  Mgr.,  (>)nrey  Placer  Co Ruby,  Mont 

Landon,  Stephen  L.,  Mine  Supt Fierro,  N.  M. 

Leonard,  William  H.,  Denver  Rock  Drill  Mfg.  Co.,  18th  &  Blake  Sts.,  Denver,  Colo. 

LouGHBRiDOE,  Charles 901  Foster  Bldg.,  Denver,  Colo. 

McCborken,  Eugene  P.,  Min.  Engr 135  W.  92d  St.,  New  York,  N.  Y. 

McLean,  Frank  W.,  Asst  Mine  Supt,  Detroit  Copper  Mining  Co.  of  Ariz.,  Morenci,  Ariz. 

Meek,  Harry  C,  Mine  Supt.,  Dome  Mines  Co.,  Ltd South  Porcupine,  Ont.,  Canada. 

Moore,  Carl  F.,  Cons.  Engr.,  U.  S.  Smelting,  Refining  &  Mining  Co., 

920  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Paul,  Russell  B.,  Min.  Engr 70:^  Symes  Bldg.,  Denver,  Colo. 

Pebsing,  Proctor  O.,  Asst  Supt.,  Spanish-American  Iron  Co Daiquiri,  Cuba. 

Reifsneider,  Le  Baron  B.,  Mine  Supt,  Spanish- American  Iron  Co Daiquiri,  Cuba. 

RiBALKiN,  Michael  P.,  Prof,  of  Met,  Vassilevisky  Ostrov.,  No.  17  on  11, 

St.  Petersburg,  Russia. 

Richards,  "William  J.,  Supt  of  Mines Crystal  Falls,  Mich. 

Robinson,  Burr  A.,  Asst  to  Secty.,  Am.  Institute  of  Mining  Engineers, 

29  West  39th  St,  New  York,  N.  Y. 
Rodoers,  Selden  S.,  Foreman,  McDougall  Furnace  Dept.,  Anaconda  Copper  Mining  Co., 

Great  Falls,  Mont. 

Rubidoe,  Frederick  T.,  Min.  Engr 41  Broad  Street,  New  York,  N.  Y. 

Sale,  Andrew  J.,  Min.  Engr.,  Giroux  Cons.  Mines  Co Kimberly,  Nev. 

Sawyer.  Eugene  W..  Mine  Supt Tyrone,  N.  M. 

SooTT,  William  G.,  Mine  Supt P.  O  Box  254,  Morenci,  Ariz. 

Seip,  Robert  H.,  Min.  Engr P.  O.  Box  279,  Jenkins,  Letcher  Co.,  Ky. 

&H0OP,  Walter  M.,  Asst  to  Supt,  Spanish- American  Iron  Co.,  Felton,  Oriente,  Cuba. 
SnrMWAY,  Ralph  W.,  Chief  Engr.,  Rocky  Mountain  Fuel  Co.,  1102  Foster  Bldg., 

Denver,  Colo. 
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Staples,  Chabbon  M.,  Min.  Engr P.  O.  Box  744,  Morenci,  Am. 

Thomson,  Alexander  F.,  Gen  I.  Mgr.,  Detroit  Copper  Mining  Co Morenci,  Arii. 

TiEMANN,  Hugh  P.,  Met Carnegie  Steel  Co.,  Pittaburg,  Pi 

Weiqel,  William  M.,  Min.  Engr 108  Earl  St.,  Kingston,  Ont,  Quiada. 

Whitnall,  Harold  O.,  Geol Hamilton,  N.  Y. 

Wright,  George  A.,  Engineer,  Spanish- American  Iron  Co Felton,  Oriente,  Cuba. 

Associates. 

Anderson,  Albert  H.,  Abrasive  Mill  Foreman 22  Barber  Ave.,  Worcester,  Mass. 

MuNOz,  Paul  J.,  Min.  and  Mech.  Engr 929  Central  Bldg.,  Los  Angeles,  CaL 

Stewart,  Judd,  Director,  Am.  Smelting  &  Refining  Co.,  165  Broadway,  New  York,  N.  Y. 

Junior  Members, 

Black,  Frederick  C,  Millman Wonder,  Xer. 

Dodge,  William  E.,  Student 415  W.  Highland  Ave.,  Shawnee,  Okk 

Gatch,  Nelson  B.,  Min.  Engr 5266  Westminster  PI.,  St  Louis,  Mo. 

Hyde,  Reed  W.,  Chem.,  Am.  Smelting  &  Refining  Co Murray,  Utah. 

Lamb,  Herbebt  W.,  Min.  Engr 45  Toledo  St,  Adrian,  Mich. 

Leach,  Rot,  Cyaniding Melones,  Galaveras  Co.,  Cal. 

PiEBSE,  Edwin  A.,  Min.  Engr.,  Butte  &  Great  Falls  Mining  Co Great  Falls,  Moot 

pBiGE,  John  M.,  Min.  Engr Montreal,  Wis. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of  Sep- 
tember, 1913,  for  election  as  members  of  the  Institute.  Their  names  are 
Eublished  for  the  information  of  members  and  associates,  from  whom  the 
ommittee  on  Membership  earnestly  invites  confidential  communications, 
favorable  or  unfavorable,  concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the  residence  of 
the  candidate)  will  be  allowed  for  the  reception  of  such  communicatioos, 
before  any  action  upon  these  names  by  the  Committee.  After  the  lapse  of 
this  period,  the  Committee  will  recommend  action  by  the  Board  of  Di- 
rectors, which  has  the  power  of  final  election. 

Members, 

Cbarles  Walter  Adams,  Jr.,  Murray,  Utah. 

Proposed  by  C.  W.  Whitley,  J.  B.  Mcintosh,  B.  N.  Rickard. 

Born,  1888,  Mitchell,  S.  D.  1906  Grad.,  Mitchell  Hieh  School.  1907,  Dakota  Wes- 
leyan,  business  cour-e.  1909,  South  IHikota  School  of  Mines.  1910,  Missouri  School  of 
Mines.  1911,  Utah  School  of  Mines,  B.  S.  1905,  Asst  Chemist,  Turner  Produce  Co. 
1907,  Surveying.  C.  M.  &  St.  P.  R.  R.  1908,  summer,  Homestake  Mine,  Lead,  S.  D. 
1909,  summer,  U.  S.  Mine,  Bingham,  Utah.  1910,  Rummer,  MiUman,  Lundberg  Door 
Wilson  Cyanide  Plant.  1911-12,  Asst.  Western  Contracting  Engr.,  Midland  Bridge  Co., 
Kansas  City,  Mo. 

Present  position:  1912  to  date.  Metallurgist,  Operating  Dept.,  American  Smelting  & 
Refining  Co. ,  Lead  Plant. 

Frank  H.  Armstrong,  Vulcan,  Mich 

Proposed  by  William  Kelly,  O.  C.  Dav  dson,  C.  H.  Baxter. 

Bom,  1877,  Serena,  111.  1899,  Graduate  of  Mechanical  Engineering  Department  of 
University  of  Illinois.  1899-01,  Asst.  M.  M.,  Cleveland-ClifTs  Iron  Co.,  Ishpeming,  Mich. 
1901^2,  M.  M.,  Crystal  Falls  Iron  Mining  Co.,  Crystal  Falls,  Mich.  1902-04,  M.  M., 
Republic  Iron  Co.,  Republic,  Mich. 

Present  position:  1901  to  date.  Mechanical  Engineer,  Penn  Iron  Mining  Co.  and  Re- 
public Iron  Co. 

Harold  Purdy  Banks,  New  York,  N.  Y. 

Proposed  by  Arthur  L.  Walker,  E.  J.  Hall,  John  H.  Banks. 

Bom,  1887,  New  York,  N.  Y.  1904-08,  Columbia  College  (A.  B.,  1910).  1908-11, 
Columbia  School  of  Mines ;  E.  M.  1909,  Engineer,  Copper  Queen  Cons.  Min.  Co. 
1911-12,  Engineer,  sampler  and  mill  operator,  Miami  Copper  Co. 

Present  position  :  1912  to  date,  Asst.  in  Metallurgy,  School  of  Mines,  Columbia  Univ. 
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Lionel  Brooke,  Golden,  Colo. 

Proposed  by  William  R.  (  hedsey,  H&rry  J.  Wolf,  F.  W.  Trapbagen. 

Born,  1888,  Daggett,  Cal.  1908,  Graduate  Loe  Anseles  Polytechnic  High  School. 
1908-11,  Colorado  School  of  Mines.  Two  years  with  New  York  &  Honduras  Rosario 
MlDiDg  Co.,  on  engineering  staff  and  varioos  positions  up  to  that  of  Asst  Supt  of  Bedac- 
tioD  Works. 

Present  position  :  Senior  Student  Colorado  School  of  Mines  for  E.  M.  degree. 

John  Lorraine  Cavanagb,  Wabana,  Newfoundland. 

Proposed  by  George  B.  McCunn. 

Born,  1889,  New  Glasgow,  N.  S.  1904-08,  New  Glasgow  High  School  1907-09,  Dal- 
housie  Uni?.,  Halifax.  1909-11,  N.  S.  Technical  College.  1^9-10,  summers,  Canadian 
Gcol.  Survey. 

Present  position :  1911  to  date.  Mining  Engineer,  Dept.  of  Ore  Mines  and  Quarries, 
N.  S.  Steel  &  Coal  Co.,  Ltd. 

Edward  Chester  Congdon,  Duluth,  Minn. 

Proposed  by  H.  C  Dudley,  C.  H.  Munger,  T.  F.  Cole. 

Bom,  1885,  St.  Paul,  Minn.  1904,  Graduated  at  The  Hill  School.  1906,  Graduated 
Yale  Univerrity  with  d^ree  of  A.  B.  1908-13,  Employed  as  an  officer  of  various  mining 
corporations  at  Duluth,  Minn. 

Present  position :  President  of  Weed  Iron  Co.,  Duluth,  Minn. 

Angus  Ward  Davis,  Trail,  B.  C. 

Proposed  by  Richard  S.  McCaffery,  Francis  Jenkins,  L.  K.  Armstrong. 

Bom.  1877,  Montreal,  Canada.  1898,  B.  A.  Sc.,  McGill  Univ.  1898-99,  British- 
American  Corpn.,  Roesland.  1899-1900,  Republic  Mine,  Wash,  1904-05,  Mining  Dept., 
CP.  R.R. 

Present  position :  1905  to  date.  Mining  Engineer,  Con.  Min.  &  Smelt  Co. 

Ernest  Heathcote  Dickenson,  New  York,  N.  Y. 

Proposed  by  J.  F.  Kemp,  Charles  P.  Berkev,  Thomas  T.  Read. 

Bom,  1886,  Nova  Scotia,  Canada.  1903-07,  Lival  University,  Canada ;  Degree  A.  B. 
1908-11,  Columbia  Univenity,  School  of  Mines.  1907,  Canadian  Pacific  R.  R.,  Construc- 
tion Work.  1911,  Instructor  in  surveying,  Columbia  University  ;  Concentrator  of  Nevada 
Cods.  Copper  Co.,  McGill,  Nev.  1912-13,  Engineer,  Beatson  Copper  Co.,  Latouche, 
Alaska ;  Supt.  Midas  Copper  Co.,  Valdez,  Alaska. 

Present  position :  Treadwell  Mines,  Douglas  Island,  Alaska. 

Frederick  Charles  Dyer,  Toronto,  Ont,  Canada. 

Proposed  by  Reginald  £.  Hore.  • 

Bom,  1872,  Manchester,  England.  1886,  Public  School,  Manchester.  1888,  Ducie 
Avenue  Org.  Science  School,  Manchester.  1908,  Department  Mining,  Toronto  Univenity. 
D^ree  of  B.  A.  Sc  1888--92.  Teacher  Mathematics  and  Chemistry,  Ducie  Ave.  Org. 
Science  School,  Manchester,  Kngland.  1900-01,  Master  Mechanic,  Log  Cabin  Mining 
Co.  1901-04,  Foreman  with  £.  K.  Roche,  drilling  contractor.  1904-08,  Student,  etc. 
1909-13,  Demonstrator,  Department  Mining  Engineering,  Toronto  University.  1913, 
Member  of  firm  Banting  &  Dyer,  Engineers,  Surveyors  and  Contractors. 

Present  position  :  Lecturer  in  Mining,  Faculty  Applied  Science  and  Engineering,  Uni- 
versity of  Toronto. 

WiUiam  L.  Fraaer,  Grass  Valley,  Cal. 

Proposed  by  William  Hague,  A.  D.  Foote,  Arthur  B.  Foote. 

Born,  1880,  Hudson,  Mass.  Graded  and  High  Schools,  Boston,  Mass.  Have  followed 
mining  for  about  12  years.  Worked  for  experience  in  small  mines  in  Boulder  Co.,  Colo. 
Ant  8apt.,  Contention  mine.  Lake  City,  Colo.,  since  defunct  Prospected  Death  Valley 
and  operated  own  property  two  yesrs ;  was  in  first  rush,  Tonopah.  Goldfield,  Manhattan  ; 
leased  and  owned  property.  '*Scouf  work,  Nevada,  Death  Valley  and  North  California 
for  Wilbur  £.  Sanders. 

Present  position  :  last  four  years.  Office  and  Cost  Statistician,  North  Star  Mines. 

John  Neil  Dinning  Gray,  Glasgow,  Scotland. 

Proposed  bv  G.  M.  Colvocoresses,  Arthur  A.  Cole,  W.  G.  Miller. 

Bom,  1884,  Glasgow,  Scotland.  1890-1900,  Albert  Academy,  Glasgow.  1900-04, 
Glasgow  and  West  of  Scotland  Technical  College.  1907,  Mining,  BufTalo  Silver  Min.  Co.; 
1908,  Milling  and  Assaying,  Cobalt  Central  Silver  Min.  Co..  Ltd. ;  1908,  As^^aying,  Trethe- 
way  Cobalt  Silver  Min.  Co.,  Ltd.,  all  of  Cobalt,  Ont.  1909-10,  Partner,  Gardner  &  Gray, 
Min.  Engineers  and  Assayers,  Gowganda,  Canada.  1911,  Mgr.,  Dobie-Reeve  Silver  Min. 
Co.,  Gowganda.     1912,  Reduction  Staff,  Nourse  Mines,  Ltd.,  Johannesburg,  S.  A. 

Present  position :  On  Reduction  Staff,  Globe  &  Phoenix  G.  M.  Co.,  Rhodesia,  S.  A. 
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John  Campbell  Qreenway,  Warren,  Ariz. 

Propoeed  by  Thomas  T.  Read,  L.  D.  Rickettit,  J.  S.  Douglas. 

Born.  1872,  Huntsville.  AU.  1890-91.  Univ.  of  Virginia.  1892-93,  Yale  Univ.,  Gnd.. 
1896,  Ph.  B.  1895-98,  Day  laborer,  Mechanical  Dept.,  Carnegie  Steel  Co.,  Duqaesne 
Plant.  1898,  Rough  Rider  in  Cuban  Campaign.  1902-05,  Arat  SupL,  Oliver  Iron  Min. 
Co.,  Ishpeming,  Mich.  1905-10,  Qen.  Supt,  Canisteo  District,  Oliver  Iron  Min.  Co., 
Coleraine,  Minn. 

F^-esent  position  :  1910  to  date.  Gen.  Mgr.,  Calumet  St  Arizona  Min.  Co. 

John  Percival  Hamilton,  Milwaukee,  Wis. 

Proposed  by  Richard  8.  McCafferj,  8.  W.  Traylor,  L.  K.  Armstrong. 

Born,  1876,  Linden,  Mich.  1889-1903,  Calumet  &  Hecla  Min.  Co.  1903-07,  Newport 
Min.  Co.,  Milwaukee.  1907-10,  National  Ore  Concentration  Co.  1910-12,  Sammit 
Copper  Co. 

r resent  position :  1912  to  date,  Concentrating  Engineer,  Power  and  Mining  Machinery  Co. 

L.  Ogilvie  Howard,  Globe,  Ariz. 

Proposed  by  Walter  Douglas,  G.  F.  G.  Sherman,  Alexander  V.  Dye. 

Bom,  1878,  Montreal.  Montreal  High  School.  1895-96,  Montreal  Collegiate  Institute. 
1897-1900,  McGill  Univ.  1900-01,  Chemist,  Am.  Smelt.  &  Refg.  Co.,  Aguaacalientes, 
Mez.  1902-03,  Demonstrator  in  Metallurgy  and  Metallumcal  Chemistry,  McGill  Univ. 
1904,  Chemist,  A.  S.  &  R  Co.,  Aguascalientes.  1905-06,  Chemist,  Anaconda  Copper  Co., 
Anaconda.     1906,  Chemist,  Arizona  Smelting  Co.,  Humboldt,  Ariz. 

Present  position  :  1907  to  date,  Chemist,  then  Metallurgist,  Old  Dominion  Copper  Min- 
ing Co. 

Wilbur  Judson,  Deming,  N.  M. 

Proposed  by  Robert Xinton,  Andrew  W.  Newberry,  C.  Coloock  Jones. 
Bom,  1880,  Lansing,  Mich.     1901,  Lawrence  Scientific  School ;  S.  B.     1902-03,  Michi- 
gan College  of  Mines.     1907,  Mine  Foreman,  Capillitas  Copper  Co  ,  Catamarca,  Argentina. 

1908,  Supt,  Inter-Ocean  Mine,  Sunshine,  Colo.     1909,  Mine  Foreman.  Cerro  Prieto  Mine, 
Mu;dalena,  Sonora,  Mex.     1910-12,  Foreman,  Sierra  Cons.  Min.  Co.,  Ocampo,  Chihuaboi. 

Present  position  :  Examining  Engineer. 

Raymond  Molloy  Kateley,  Horrabridge,  S.  Devon,  England. 

Proposed  by  Harold  A.  Titcomb,  A.  Chester  Beatty,  Ricnard  M.  Geppert 

Bom,  1883,  Uantrissant.  1893-1900,  Penzance  High  School.  1900-02,  Cam  Bres 
Mine  (Practical  Mining,  etc).  1902-95,  Camborne  Mining  School  (Ist  Class  Certificate). 
1906-08,  Surveyor  and  Assayer  at  South  Croft y  Mine,  Ltd.,  Cornwall.  1908-10,  Assayer 
and  Surveyor,  Atbasan  Copper  Fields,  Ltd.,  Siberia.  1910-11,  Surveyor  and  Manager, 
Taquah  Cei^ral  Mine,  Ltd.  1910-11,  Surveyor  at  Broomassie  Mine,  Ltd.  1911-13,  Asst 
Manager  and  Manager,  Filans  (Nigeria)  Tin  Mining  (*o.,  Ltd. 

Present  position  :  Home  on  leave. 

L.  W.  Kemp,  Grass  Valley,  Cal. 

Proposed  by  William  Hague,  A.  D.  Foote,  A.  B.  Foote. 

Born,  1886;  Berkeley,  Cal.  1902-06,  Polytechnic  Hi^h  School,  San  Francisco,  Csl. 
1907-09,  Mackev  School  of  Mines,  Reno,  Nev.  1906,  Mming,  Montana-Tonopah  Mining 
Co.,  Tonopah,  l^ev.     1907,  Mining,  Tonopah- Belmont  Development  Co.,  Tonopah,  Nev. 

1909,  Assaying,  Pittsburg  Silver  Peak  Mining  Co.,  Blair,  Nev. 

Present  position  :  1910  to  date.  Cyanide  Foreman,  North  Star  Mining  Co. 

Richard  A.  Leahy,  Anaconda,  Mont. 

Proposed  by  E.  W.  Kllis,  C.  D.  Demond,  Pierce  Barker. 

Born,  1883,  Killamev,  Ireland.  1909-13,  Colorado  School  of  Mines ;  degree  Engineer 
of  Mines.  lfl04-07,  Mechanical  draftsman,  Llewellyn  Iron  Works,  Los  Angles,  Cal. 
1907-08,  Mechanical  draftsman,  Southem  Arizona  Smelting  Co.,  Sasco,  Ariz.  1908, 
Mechanical  draftsman,  Los  Angeles  Aqueduct  Commission,  Cement  Plant,  Los  Angeles, 
Cal.  ;  Cyanide  Mill,  Queen  Esther  Mining  &  Milling  Co .  Soledad.  Cal.  1911,  Mechanical 
draftsman,  Utah  Copper  Co.,  Garfield,  Utah.  1912,  Millman,  Tomboy  Gold  Mines  Co., 
Ltd.,  Tomboy,  Colo. 

Present  position :  Asst  in  Testing  Department,  Washoe  Smelter,  Anaconda  Copper 
Mining  Co. 

Lewis  William  Ledyard,  Ontario,  Canada. 

Proposed  by  Charles  E.  Schwarz,  H.  A.  Buehler,  G.  H.  Cox. 

Bom,  1884.  Sioux  Falls,  S.  D.  1904-09,  S.  D  School  of  Mines ;  Degree  in  Met.  Engig. 
1905-08,  Mill  Foreman,  Grandview  Min.  Co..  Silver  City,  S.  D.  1909-10,  Timberman 
and  driller,  Homestake  Min.  Co.,  Lead,  S.  D.  1910-11,  Transilman,  Hydro- Electric 
Plant,  Homestake  Min.  Co.,  Speariish,  8.  D.  1911-13,  Mine  Foreman,  Aasayer  and  Sur- 
veyor, Twin  Butte  Min.  <&  Smelt.  Co.,  Twin  Butte,  Ariz. 

Present  position  :  Mine  Foreman,  North  American  Smelt.  Co.,  Ltd. 
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Charlea  Legrand,  Dougliis,  Ariz. 

Proposed  by  Walter  Douglas,  James  Boufflas,  Cleveland  H.  Dodge. 

Bom,  1873,  Li^,  Belffium.  1879-84,  Eoole  Primaire,  Li^ge.  1884-87,  Eoole  Moy- 
enne,  Li^e.  1887-90,  MechaDical  and  electrical  engineering,  £cole  Industrielle,  Li^. 
1891-93,  Testing  Dept,  Canadian  Gen.  Electric  Co.  1893-95,  Asst.  to  Ch.  Engr..  Royal 
Electric  Co.,  Montreal.  1890-97,  Elec  Engr.,  C.  and  C.  Electric  Co.,  Garwood,  N.  J. 
1897-1900,  Experimental  work  on  electrical  instruments.  1900-02,  Asst  to  Ch.  Engr., 
Mass.  Electric  Co.,  Boston.     1902-03,  Asst.  Cons.  Engr.,  Phelps,  Dodge  &  Co. 

Present  position :  Cons.  Engr.,  Phelps,  Dodge  &  Co. 

Ernest  Victor  Neelands,  Girouz  Lake,  Cobalt,  Ont. 

Proposed  by  Reginald  E.  Hore. 

Bon,  1878,  Lindsay,  Ontario,  Canada.  1886-92,  Public  School,  Lindsay.  1892-96, 
Collegiate  Institute,  Lindsay.  1896-1900,  University  of  Toronto,  g^uduated  with  degree 
of  BMJielor  of  Applied  Science.  1902-03,  Fellowship,  University  of  Toronto.  1897-98, 
SarreyiDg,  North  Ontario,  with  A.  Niven.  1899,  General  Mining,  Le  Roi  Mine,  for 
W.  A.  Oirlyle.  1900,  Geologist  for  Ont  Govt.  Exploration.  1901-02,  Assayer  St 
Eugene  Mine,  for  James  Cronin.  1902,  Staff,  Le  Roi  No.  2  Mine,  Roesland.  1903,  Supt 
MoQument  Bay  Mine,  Eenora,  for  J.  McCuaig,  Toronto.  1903,  Eteporting  for  Gooderham 
&  BlsckBtock,  Toronto.  1904,  Shift-Boss,  Stratton's  Independence.  1905,  Supt  Massey 
Station  Mine,  for  H.  W.  Hardinge.  1906-07,  Manager  Black  Queen  Mine,  for  H.  W. 
Hardbge. 

Present  position :  Manager  Cobalt  Comet  Mines,  Ltd.,  and  Manager  Hargrave  Silver 
Mines,  Ltd,  Cobalt,  Ont 

Irwin  Balmer  Neilly,  Cobalt,  Ont,  Canada. 

Proposed  by  Ranald  E.  Hore. 

Bom,  1883,  Bradford,  Ont.  1890-97,  Public  School,  Aurora,  Ont  1897-1901,  High 
School,  Bradford  Ont.  1903-08,  Faculty  of  Applied  Science,  University  of  Toronto. 
1907,  Graduated  in  Mining  Engineering.  1908,  Degree  of  B.  A.  Sc.  1908,  Greater 
Canada  Mining  Co.,  Ltd.,  operating  at  Crystal,  Colo.  1908-09,  Assayer  and  surveyor 
with  Silver  Queen  Mining  Co.,  Ltd.,  Cobalt,  Ont. ;  Robert  A.  Brice,  Cobalt,  Ont,  at  that 
time  Supt  1909-13,  Manager  for  Black  Mines,  Consolidated,  Ltd.;  John  Black,  Pros., 
233  Board  of  Trade  Bldg.,  Montreal,  P.  Q.  1909-:2,  Manager  Wyandoh  Silver  Mines, 
Ltd.,  Cobalt,  Ont;  Ales.  Pringle,  Pres.,  Coristine  Bldg  ,  Montreal,  P.  Q. 

Pnsent  position :  1912  to  date,  Supt  Mine  and  Mill  for  Penn-Canadian  Mines,  Ltd. ; 
W.  J.  Haines,  Pres.,  1011  Chestnut  St,  Philadelphia,  Pa. 

Charles  Oscar  Olsen,  Wardner,  Idaho. 

Proposed  by  Nelson  S.  Greensf elder,  L.  K.  Armstrong,  Richard  S  McCaffery. 

Bom,  July  9,  1887,  Murrav,  Ida.  1911,  Colorado  School  of  Mines;  £.  1^  1911-13, 
Hand  Mining  in  Danville,  Wash.,  Mucker,  Trammer,  Machine  Helper  and  Machine-man, 
B.  H.  &  S.  M.  <&  C.  Co.  Machine-man,  Timber  Helper  and  Timberman,  Federal  M.  & 
8.  Co. 

Present  position  :  Surveyor's  Helper,  Federal  M.  &.  S.  Co. 

Sidney  Paige,  Washington,  D.  C. 

Proposed  bv  Arthur  C.  Spencer,  C.  E.  Siebenthal,  E.  W.  Parker. 

Boni,  1880,'  Washington,  D  C.  1901-03,  Universitv  of  Michigan.  1907-08,  Graduate 
School,  Yale,  Scholarship.  1899-01,  two  years  with  N^icaragua  C^nal  Commission.  1907, 
Aist  Geoloj^ist  to  Panama  Canal  Commission. 

Present  position  :  1902  to  date,  with  U.  S.  Geological  Survey  as  Geologist. 

William  Quirinus  Ranft,  Superior,  Mont. 

Proposed  by  Horace  V.  Wincnell,  F.  F.  Sharpless,  Otto  Sussman. 

Bom,  1869,  Baltimore,  Md.  1909  to  date.  President,  Iron  Mountain  Tunnel  Co.  1907 
to  date,  President,  Robert  Emmet  Copper  Co.,  of  Montana.  1911  to  date,  Gen.  Mgr., 
Blue  Bird  Corbin  Gold,  Silver  &  Copper  Co. 

Walter  Leigh  Remick,  Juneau,  Alaska. 

Proposed  by  Erie  V.  Daveler,  B.  L.  Thane,  J.  R.  Whipple. 

Bom,  1883,  Methuen,  Mass.  1900-04,  Thayer  Academy,  So.  Braintree,  Mass.  1905-09, 
Harvard  Univ.;  A.  B.  1913,  Alexander  Hamilton  Institute,  Astor  Place,  New  York. 
190&-10,  Tacoma  Smelting  Co.  1910-11,  Chemist,  Western  Steel  Corpn.  1912,  Supt. 
<rf  Mill,  Goldsiream  Min.  Co.,  Ketchikan,  Alaska.  1912-13,  Chemist,  Superior  Cement 
Co.,  Concrete,  Wash. 

Present  position :  Sampling  Dept,  Alaska  Gastineau  Min.  Co. 
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Cyrus  Robinson,  Mt.  Vernon,  N.  Y. 

Presented  by  Earl  Eilers,  Willard  8.  Moxse,  Bobert  S.  Towne. 

Born,  1869,  England.  Mechanical  Engineer)  Technical  CoUeire,  Bradford,  England. 
Owens  College,  Manchester,  England.  Formerly  a  member.  (Elected  189^  B^gned 
1904.) 

Present  position  :  Consulting  Engineer. 

August  Sandberg,  Bisbee,  Ariz. 

Proposed  by  Walter  Douglas,  G.  F.  G.  Sherman,  Alexander  V.  Dye, 

Bom,  1868,  Sweden.  1890-97,  Univ.  of  Lund,  Sweden  ;  Ph.  D.  1897-98,  Chemist, 
Phelps,  Dodge  &  Co.,  New  York.  1898-1900,  Chemist,  Detroit  Copper  Min.  Co.  of  Ari- 
zona. 1900-03,  Metallurffbt,  Mocteznma  Copper  Co.,  Sonora,  Mex.  190^-06,  Metallar- 
gist,  Transvaal  Copper  Min.  Co.,  Sonora,  Mex.  1906-11,  Chemist  and  Metallurgist, 
Cananea  Cons.  Co.,  Moctezuma  Copper  Co.,  and  Transvaal  Copper  Min.  Co.  1911-1'J, 
Explorations  in  northern  Canada. 

Present  position :  1912  to  date,  on  engineering  staff,  Phelps,  Dodge  &  Co. 

Henry  W.  Saunders,  Gary,  W.  Va. 

Proposed  by  Howard  N.  Eavenson,  E.  OToole,  N.  H.  Mannakee. 

Bom,  1879,  Petrolia,  Ont.  Canada.  1891-97,  High  School.  1897-1900.  Graduated  in 
Mining  Engineering,  School  of  Practical  Science,  Toronto  University.  1900-01,  Post- 
graduate Course,  obtaining  degree  Bachelor  of  Applied  Science,  University  of  Toronta 
1901-02,  Geologist,  Lake  Superior  Power  Co.,  Sault  Ste.  Marie,  Ont  1902-3,  Mining 
Engineer,  C.  P.  Collins,  Johnstown,  Pa.;  Draftsman,  Lorraine  Steel  Co.;  Draftsman, 
Cambria  Steel  Co.,  Johnstown,  Pa.  1 908-1905,  Draftsman  on  Constraction  and  Mining 
work.     1906-10,  Chief  draftsman,  United  States  Coal  &  Coke  Co.,  Gary,  W.  Va. 

Present  position  :  1910  to  date,  Division  Elngineer  of  the  above  company  in  charge  of  all 
underground  engineering  work  and  part  of  construction  work,  in  their  mines,  12  plants. 

Lewis  Searing,  Denver,  Colo. 

Proposed  by  Richard  A.  Parker,  Frank  Bulkley,  John  W.  Finch. 

Bom,  1866,  New  York,  N.  Y.  1888,  Stevens  Institute  of  Technology  ;  M.  R  1895, 
Vice-President  and  General  Manager,  Denver  Engineering  Works  (x).  Designed  and 
installed  power  and  pumping  plants  for  coal  and  metal  mines. 

Horace  H.  Smith,  Juneau.  Alaska. 

Proposed  by  Erie  V.  Daveler,  B.  L.  Thane,  J.  R.  Whipple. 

Bora,  1880,  Bodie,  Cal.  1899,  Graduated  Oakland  High  School,  Cal.  1902.  AasaTing, 
B.  A.  Perez.  1903,  Assaying,  Gold  Bronze  Mining  Co.;  Milling,  Daly- Judge  Mining C^ 
1904-05,  Copper  Milling,  Honerive  Mining  A  Milling  Co.,  Utah.  1906,  Shift  B066, 
Honerive  Mining  Co.  1907-10,  Night  Foreman,  U.  S.  Smelting  Co.,  Lead  Concentrator. 
1910-12,  Mill  Supt.,  Austin  Manhattan  Cons.  Mining  Co. 

Present  position  :  Asst  Supt  of  Mills,  Alaska  Gastineau  Mining  Co. 

Maximilian  George  Ferdinand  Sohnlein,  Machacamarca,  Bolivia,  S.  A. 

Proposed  by  H.  F.  Grondijs,  Henrv  S.  Munroe,  Charles  C  Swaitz. 

Born,  I880,  Amsterdam,  Holland.  1891-97,  Grammar  School,  Haarlem,  Holland- 
1897-1902,  High  School,  Haarlem,  Holland,  Graduated.  1902-03,  Practice  in  machine- 
shop,  Figee  Bros.,  Haarlem.  1903-8,  Delft  Univ.;  E.  M.  1908-09,  Asst.  of  mine  sur- 
veymg,  Delft  Univ.  1909-11,  Engineer,  Sepingan  Gold  Min.  Co.,  Sambas,  Borneo.  1911. 
Engineer  and  aseayer,  Tecolote  Copper  Co.,  Carb6,  Sonora,  Mex.  1912,  Supt.,  SocsTon, 
de  la  Virgen  Mine,  Cia.  Minera  de  Oraro,  Bolivia. 

Present  position :  Supt  Concentrating  Plnnt,  Cia.  Minera  de  Oruro. 

Frederick  W.  Solomon,  Miami,  Ariz. 

Proposed  by  J.  Parke  Canning,  B.  Britton  Gottsberger,  R.  C.  Canby. 

Bom,  1870,  Cornwall,  England.  1883,  English  Common  Schools.  1909-10,  Special 
course  in  concentrating,  etc.,  Int.  Correspondence  Schools.  1885-89,  Boiler  maker's 
apprentice,  England.  1890-92,  Mill  man,  South  Galena  Min.  &  Mill.  Co..  Bingham 
Canyon,  Utah.  1892-1902,  various  positions,  Mercur  Min.  &  Mill.  Co. ;  Highland  Boj 
Gold  Min.  Co.;  West  Mountain  Placer  Min.  Co.;  Queen  Mill  ;  California  Mm.  &  Mill. 
Co.  1902-06,  Night  concentrator  foreman,  Ohio  Copper  Co.,  Bingham  Canyon,  Utah. 
1906-08,  Gen.  concentrator  foreman,  Utah  Copi)er  Co.  1908-11,  Gen.  con.  foreman  and 
Asst  Con.  Supt.,  Nevada  Cons.  Copper  Co.,  Miami,  Ariz. 

Present  position  :  Concentrator  Supt.,  Miami  Copper  Co. 

James  Beverley  Stapler,  Grass  Valley,  Cal. 

Proposed  by  William  Hague,  Arthur  B.  Foote,  Bobert  H.  Bedford. 

Bom.  1890,  Wilmington,  Del.  1904-08,  Taft's  School,  Watertown,  Conn.  1908-11, 
Cambridge  University,  England  ;  B.  A.  degree.  1910,  Brayton  Domain  Collieries,  Com- 
berland,  England  ;  Mgr.,  George  H.  Askew.  1911  to  date,  North  Star  Mines  Co.,  Qn» 
Valley,  Cal.;  Mgr.,  Arthur  B.  Foote. 

Present  position  :  Timekeeper,  North  Star  Mines  Co. 
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John  Stewart,  Bluefield,  W.  Va. 

Proposed  by  Joha  J.  Lincolo,  Howard  N.  Eavenson,  William  D.  Ord. 

Bom,  1864,  Morantown,  Md.  1870-82,  Public  Schools  of  Lonaconing,  Md.  1882-88, 
Public  Schools  and  home  night  Btadies ;  prepared  for  Lehigh  Univ.  1888-89,  Lehigh 
Univ.  18^8-94,  Clerk  to  Commissioner^  Allegheny  Co.,  M£  1894-97,  Lehigh  Univ. ; 
fi.  S.  1876-88,  Practical  coal  mining,  New  Central  Coal  Co.  and  Georges  Creek  Coal  St 
Iron  Co.,  Lonaconing,  Md.  1897-1^,  Division  £ngr.,  Berwind  White  Coal  Min.  Co. 
1900-01,  Division  £ngr.,  Frick  Coke  Co.  1901-04,  £nffr.  A  Supt ,  New  Central  Coal  Co. 
1904-05,  Mine  Engr.,  U.  8.  Coal  &  Coke  Co.  1905-06,  Inspector,  Ellsworth  Coal  Co. 
1906-08,  Gen.  Supt  &  Ener.,  Century  Coke  Co.  1908-11,  Engr.  &  Supt.,  Va. -Pocahontas 
Coal  Co.    1911-12,  Gen.  Supt.,  Canadian  Collieries  Co. 

Present  position :  Member  Ou*  Allotment  Commission,  Norfolk  &  Western  R.  R. 

Jesse  C.  Stoddard,  Wharton,  N.  J. 

Proposed  by  Henry  S.  Drinker,  Benjamin  L.  Miller,  Howard  Eckfeldt 

Bom,  1886,  Washington,  D.  a  1901-05,  McKinley  Manual  Training  School,  Wash- 
ington,  D.  C.  1905-1909,  Lehigh  Univ.;  £.  M.  1909-11,  Engr.,  Juragua  Iron  Co., 
Sayotttgo  de  Cuba.  1911-12,  E^thlehem  Steel  Co.  Examination  work  in  Honduras, 
Mexico,  and  Chile. 

Present  position :  Engr.,  Empire  Steel  &  Iron  Co.,  ML  Hope  Division. 

Daniel  P.  Sullivan,  Butte,  Mont 

Proposed  by  B.  H.  Dunshee,  £.  H.  Wilson.  A.  C.  Carson. 

Born,  1877,  Michigan.  Graduate  of  High  School,  Marysville,  Mont  No  technical 
edocation.  1896-98,  Mining,  Drumlummon,  Marysville.  1899,  Mining,  Anaconda  Mine, 
for  John  (yNeal.  1900,  Timbering,  Nipper  Mine.  1901,  Timbering,  Gagnon  Mine. 
1902-10,  Shift  Boss  for  Charles  J.  Adami  and  J.  E.  Sullivan.     1912-13,  Foreman,  Gagnon 

Mine. 
Present  position  :  Supt,  Gkignon  and  Original  Mines. 

Grant  Heatly  Tod,  Oakland,  Cal. 

Proposed  by  H.  Foster  Bain,  Thomas  T.  Read. 

Bom,  1872,  Simla,  India.  1832-87,  Brighton  College,  England.  1888-90,  Blairlodge 
School.  Scotland.  1891-93,  School  cf  Mines,  Clausthal,  Germany.  1895-1900,  Various 
nuDes  in  South  Africa.  1900-11,  Homestake  Mining  Co.,  Lead,  S.  D.,  under  direct  super- 
vision of  Mr.  a  C.  Yates,  Asst  Chief  Engineer.  1911,  Coast  Mfg.  &  Supply  Co.,  of  Oak- 
land, Cal.;  Mr.  A.  H  Merritt,  Gen.  Mgr. 

Present  position  :  Technical  Representative  for  Coast  Manufacturing  &  Supply  Company, 
Oakland,  Cal.     (Mfrs.  of  Safety  Fuse. ) 

Merwin  H.  Ward,  Everett,  Mass. 
Proposed  by  C.  L.  Colbum,  John  B.  N.  Dorr. 

Bom,  1888,   Lewiaton,  Me.     190S,   Mass.    Institute  of  Technology.     1913,   Colurado 
School  of  Mines  ;  E.  M. 
Present  position  :  Metallurgical  Dept.,  Butte  Duluth  Mining  Co.,  Butte,  Mont. 

Clarence  LeRoy  Wickstrom,  Spokane,  Wash. 

Proposed  bv  Richard  S.  McCaffery,  Francis  Jenkins,  L.  K.  Armstrong. 

Bom,  1880;  Clay  Center,  Kansas.  1907,  I'niv.  of  Idaho  ;  B.  S.  190«-08,  Federal  M. 
<&S.  Co.,  Wardner,  Ida.  1908,  Asst  Engr.,  surveys,  reports,  etc.,  Cceur  d'Al^ne  District, 
Ida.    1909,  Chief  Engr.,  Spokane  Canal  Co.,  Spokane,  Wash. 

Present  position :  Ck)nsuliing  Engineer. 

Daniel  J.  Williams,  Butte,  Mont 

Proposed  by  Oscar  Rohn,  G.  G.  Vivian,  J.  H.  Warner. 

Bom,  1884,  Mountain  Ash,  Wales,  G.  B.  1903-04,  Washington  State  College.  1905-08, 
Montana  State  School  of  Mines.  1908-1910,  Mining  Engineer,  Pittsburg  <&  Montana 
Copper  Co.  1910-11,  Mining  Engineer,  East  Butte  Copper  Mining  Co.  1911-13,  Mine 
Supt,  East  Butte  Copper  Mining  Co*.     1913,  Asst.  Genl.  Mgr.,  same  company. 

Present  position :  Uenl.  Mgr.,  Continental  Development  Co. 

John  Sidney  Williams,  Nacozari,  Sonora,  Mexico. 

Proposed  by  Walter  Douglas,  Gerald  Sherman,  Alexander  V.  Dye. 

Bora,  1872,  England.  General,  no  technical,  education.  1888-90,  Banking  and  com- 
mercial experience.  1890-1900,  General  office,  Copper  Queen  Cons.  Min.  Co.  1900-13, 
AsBt  Sapt,  Supt,  Gen.  Mgr.,  The  Mocteznma  Copper  Co. 

Present  position :  General  Manager,  The  Moctezuma  Copper  Co. 
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Associate. 

Warren  Jenney,  Anaconda,  Mont. 

Proposed  by  E.  P.  Matbewson,  C.  D.  Demond,  Loais  V.  Bender. 

Bom,  1871,  Boston,  Mass  1879-90,  Public  Schools,  Brookline,  Mass.  1890-92,  Maai. 
Institute  of  Technology.  1893-1900,  Clerical  Work  with  Boylston  Fire  Insurance  Co., 
Brookline  Gas  Light  Co.  and  Dorchester  Gas  Co.  1900-13,  Clerical  work  with  Anaconda 
Copper  Mining  Co.  Years  1902-13  devoted  exclusively  to  metallurgical  and  cost  acooactr 
ing. 

Present  position  :  Metallurgical  Accountant,  Anaconda  Copper  Mining  Co. 

Junior  Members. 

Kai  Chi  Chow.  New  York,  N.  Y. 

Proposed  by  Thomas  T.  Beed,  Robert  Peele,  Arthur  L.  Walker. 

Bom,  1889,  Shanghai,  China.  1910,  Entered  Columbia  University  School  of  Mines  and 
still  a  student.  1911,  Kingston  Coal  Co.,  Pa.,  two  weeks.  Summer,  1912,  Tennetsee 
Copper  Co.,  Ducktown,  Tenn.,  six  weeks. 

Present  position :  Student  at  School  of  Mines,  Columbia  University. 

Eugene  George  Snedaker,  Golden,  Colo. 

Proposed  by  Harry  J.  Wolf,  William  R.  Chedsey,  F.  W.  Traphagen. 

Bom,  July  26,  1890,  Aspen,  Colo.  Employed  in  Cyanide  Mill  of  Cornucopia  Mines  Co. 
of  N.  Y.,  Cornucopia,  Ore.,  for  summer  of  1913.  Worked  in  all  departments  of  mill. 
Retained  as  Engineer  of  Eureka  Coal  Mine  near  Bongmont,  Colo.,  owned  by  Dr.  W.  M. 
Spitser,  Metropolitan  Bldg.,  Denver. 

Present  position :  Senior  Student  at  Colorado  School  of  Mines. 

Henry  Tackmann,  New  York,  N.  Y. 

Proposed  by  Henry  S.  Munroe,  E.  L.  Kurtz,  Robert  Peele. 

Bom.  1892,  New  York  City.  1899-1906,  New  York  Public  Schools.  1906-09,  Town- 
send  Harris  Hall,  C.  C.  N.  Y.  ^909-13,  School  of  Mines,  Columbia  University.  1912, 
Studied  two  months  at  the  mines  on  Menominee  Range  and  in  the  copper  country,  Mich., 
underground  and  on  surface. 

Present  position  :  Completing  fourth  year  work  at  Columbia  and  will  receive  degree  of 
E.  M.  in  October. 

Change  of  Status. 

WilliB  Eugene  Barnum,  Pachuca,  Hidalgo,  Mexico. 

Bom,  1880,  Holley,  N.  Y.  1899,  Graduate  Albion  High  School,  Albion,  Orleans  Co., 
N.  Y.  One  and  one-half  years  Cornell  University,  Ithaca,  N.  Y.  Special  course  1900-01, 
1901-02,  Did  not  receive  a  degree,  being  obligea  to  leave  college  on  account  of  money. 
1906-08,  Shift  man.  Black  Mountain  ^Mining  Co.,  Sonora,  Mexico  ;  N.  C.  Banks,  Mgr. 
1908-10,  Shift  man,  Blaisdell  Coscotitlan  Syndicate,  Pachuca,  Mexico ;  H.  A.  Barker, 
Mgr.     1910-11,  Asst.  Supt.  same  company. 

Present  position  :  1911  to  date,  Supt.  same  company  ;  J.  P.  Warr,  Mgr. 

S.  Ken  Huang,  Tayeh  Iron  Mines,  Tayeh,  China. 

Chanq£8  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  received  at  the 
Secretary's  office  during  the  month  of  September,  1913.  This  list,  together 
with  the  lists  published  in  Bulletin  Nos.  76  to  81,  April  to  September, 
1913,  and  the  foregoing  list  of  new  members,  therefore,  supplements  the 
annual  list  of  members  corrected  to  Mar.  1,  1913,  and  brings  it  up  to  the 
date  of  Oct.  1,  1913. 

Amsden,  O.  B P.  O.  Box  431,  Victor,  Colo. 

Backus,  George S Instructed  to  holdall  mail. 

Baibd,  Dudley Pacific  Foundry  Co.,  Harrison  &  18th  Sts.,  San  Francisco,  Cal. 

Barber,  R.  J.,  Min.  Engr 88  Broad  St.,  Boston,  Mmb. 

Barnard,  E.  A 612  W.  5th  St.,  Anaconda,  Mont. 

Blair,  Allen  F 318  First  Ave.,  So.,  Seattle,  Wash. 

Blood,  Georqe  D 716  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

BouTWELL,  John  M Old  Dominion  Copper  Mining  &  Smelting  Co.,  Qlooe,  Ariz. 

Boyle,  Emmet  D Carson  City,  Xev. 
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Brown,  HAiiCOMBX  J.,  KeTStone  Fireproofing  Go.»  Marbrid^e  Bldg., 

34th  St  A  Broadway,  New  York,  N.  Y. 

Brown,  J.  J.,  Jb Troy,  III. 

Burt,  Charles  8 724  £.  UnWenitySt,  Ann  Arbor,  Mich. 

Cahen,  Jambb  p.,  Jb 419  Chestnut  St.,  Soath  Bethlehem,  Pa. 

Garlyle,  Wiluam  a.,  Cons.  Min.  £ngr. 62  London  Wall,  London,  £.  C,  England. 

Chedset,  William  R. AsBt  Prof,  of  Mining,  Colo.  School  of  Mines,  Golden,  Colo. 

CtoHEN,  M.  B 100  W.  143d  Street,  New  York.  N.  Y. 

Cranston,  RobsbtE 437  Holbrook  Bldg.,  San  Francisco,  Cal. 

Dalbebo,  Fbamk  a Arctic  Coal  Co.,  Tromso,  Norway. 

Dean,  A.  L Care  Quebec  Bank,  Quebec,  Canada. 

Denny,  Habby  S Salisbury  House,  London,  K.  C,  England. 

Debhleb,  George  O .*. Utah  Metals  Co.,  Bineham  Canyon,  Utah. 

Dewey,  C.  E 211  Boston  Bldg.,  Denyer,  Colo. 

DocoLAS,  Jakes  S P.  O.  Box  8d{(,  Douglas,  Ariz. 

Drapeb,  FbedW Neyyansk,  Dept.  of  Perm,  Bussia. 

DuNKiN,  Damon  D.,  Supt.,  McAlester  Coal  &  Coke  Co Buck,  yia  Carbon,  Okla. 

DoNSTAN,  Alfred  J Roseyille  Ave.,  Roseyille,  N.  S.  W.,  Australia. 

DuBANT,  Hehby  T.,  Care  Inst  of  Min.  and  Met ,  Salisbury  House,  London,  E.  C,  England. 

Edwards,  J.  Wabnbr 1347  Court  Place,  Denyer,  Colo. 

Flago,  Arthur  L Kelvin-Sultana-Copper  Co.,  Kelyio,  Arix. 

Fraseb,  Lee Apartado  ItfS,  Oruro,  Bolivia,  So.  America. 

Fuller,  John  T P.  O.  Box  393,  Little  Rock,  Ark. 

Ftpe,  Alexander 74  Cedar  St,  Roxbnry,  Boston,  Mass. 

OabuchS)  Herman St  Louis  Smelting  &  Refining  Co.,  Liggett  Bldg.,  St  Louis,  Mo. 

Hamscan,  Johns 19  Harmony  PI,  Salt  Lake  City,  Utah. 

Habdy,  J.  GoBDON Room  1812,  165  Broadway,  New  York,  N.  Y. 

Hawxhurst,  Robebt,  Jr Care  International  Bsiik,  60  Wall  St,  New  York,  N.  Y. 

HoFEcxER,  Charuds  A 16  Rue  de  Berlin,  Paris,  France. 

Humphrey,  Charles Hotel  GoldHelds,  Timmins,  Ont,  Canada. 

Inglis,  J.  F 1004  W.  Quarts  St,  Butte,  Mont 

Inouy^,  Tadashiro 560  Naka-Shibuya,  Toyotama-Gori,  Tokyo,  Japan. 

JoBNSTON,  Rodebick  L 1271  Broadway,  New  York,  N.  Y. 

Kino,  Ernest  W.,  Prest  Nevada  New  Mines  Co Rawhide,  Nev. 

KiRCHEN,  Charles 407  Madison  Ave.,  Grand  Rapids,  Mich. 

Laird,  George  A Great  Cobar  Mines,  Ltd.,  Cobar,  N.  S.  W.,  Australia 

Landers,  Wii^ltam  H New  Almaden,  Cal. 

La  VERY,  Vauguan  M 1301  Greenwood  Ave.,  Wilmette,  IlL 

LeWald,  R  a Blessing,  Texss. 

Little,  Jambb  B Headingly,  Kenilworth,  Gspe  Colony,  Mo.  Africa. 

London,  a  J 901  Bailey  Bldg.,  Philadelphia,  Pa. 

Lucas,  A.  F 2300  Wyoming  Ave.,  Washington,  D.  C. 

McClure,  David Soquel,  Santa  Cruz  Co.,  CaL 

McDevitt,  James  E 4525  McPherson  Ave.,  St  Louis,  Mo. 

McIntire,  Robkrt Braden  Copper  Co.,  Rancagua,  Chile,  So.  America. 

Macaulay,  R  M Grande  Alle^  Apartments,  Grande  Allee,  Quebec,  Canada. 

MacDonald,  Bernard 1005  Fair  Oaks  Ave.,  South  Pasedena,  CaL 

MAcNnTT,  C.  H.,  Mgr.,  Burma  Mines,  Ltd Namtu,  Northern  Shan  States,  Burma. 

Madqb,  William  C,  Care  W.G.  Perkins  &  Co.,  62  London  Wall,  London,  E.  C,  England. 

Maltttz,  Edmund  von Jones  &  Laughlin,  Aliquippa  Works,  Woodlawn,  Pa. 

Mattes,  William  F.,  Acting  Genl.  Mgr.,  Lackawanna  Iron  &  Coal  Co., 

516  Spruce  St,  Scranton,  Pa. 

Merrill,  Monroe  E 1923  Morgan  Place,  Hollywood,  Cal. 

Moffat^  David  D.,Supt  of  Mills,  Ray  Cons.  Copper  Co Hayden>  Ariz. 

Nold,  Fbeperick  B Lansford,  Carhm  O).,  Pa. 

North,  W.  O 3742  8th  St.,  San  Diego,  CaL 

Palmes,  Ibvino  A 623  High  Street,  Easton,  Pa. 

Peters,  Richard,  Jr.,  Mfr.  Coke,  W.  J.  Rainey  Estate,  1st  National  Bank  Bldg., 

Uniontown,  Pa. 

Porter,  John  J Security  Cement  &  Lime  Co.,  Hagenttown,  Md. 

Potter,  Edwabd  C 14! 9  Seventh  Ave.  W.,  Seaiile,  Wash. 

PRiNOLE,  Chables  A Care  Pringle  Co.,  Riiss  Bldg.,  San  Francisco,  CaL 

Pbitchbtt,  C.  W 2735  Boulevard  F,  Denver,  Colo. 

Badbr,  Charles  I Point  Loma  P.  O.,  San  Diego  Co.,  CaL 

Sandbbs,  B.  H.,  Benne  Syndicate,  Ltd.,  Waiyo,  Wamba,  lemaa,  Natbem,  Nigeria, 

West  Africa. 
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Shyser,  Albert  £ P.  O.  Box  303,  New  Philadelphia,  Ohio. 

Smythe,  H.  v.,  Northern  Pyrites  Co.,  Northpines,  G.  T.  P.  Ry.,  Via  Fort  William, 

Ont,  Canida. 

SwEETSER,  Ralph  H.,  Prest.  and  Genl.  Mgr.,  Thomas  Iron  Co Easton,  Pi 

TH0M80N,  Robert  W.,  Care  R.  R.  Hedley,  405  Carter  Cotten  Bldg., 

Vancouver,  B.  C,  Canada. 

Tower,  George  W.,  Jr 134  Woodland  Ave.,  New  RocheUe,  N.  Y. 

Uftok,  George  B.,  Vice-Prest.  and  Genl.  Mgr.,  Oro  Grande  Mines  Co., 

Wickenburg,  Aru. 

Veatch,  J.  Allen 497  Pine  St,  Napa,  Cal 

ViLLALON,  Jose  R.,  Secy.  Public  Works,  Public  W^orks  Dept Havana,  Cuba. 

Wang,  Chung  Yu,  Kau  Tan  Tze  Bldg.,  37  Ching  Yuen  St.,  Western  District, 

Canton,  China. 

W^EED,  Walter  Harvey Houghton,  Mich.,  and  42  Broadway,  New  York,  N.  Y. 

Whittier,  Charles  C. 905  McGill  Bldg.,  Montreal,  Canada. 

Wilding,  James,  Jr 101  Edith  Street,  Oakland,  CaL 

WiLPLEY,  C.  R.,  Min.  Engr P.  O.  Box  1721,  Denver,  Cola 

Wilkinson,  David.,  S.  Newmann  A  Co.,  P.  O.  Box  485, 

Johannesburg,  Transvaal,  So.  Africa. 

Williams,  E.  H 1799  E.  63d  St,  Cleveland,  Ohio. 

Wishon,  Walter  W 616  S.  Olive  St.,  Los  Angeles,  Cal. 

Wood,  Carl  L Lyons,  Ohio. 

Addresses  of  Members  and  Associates  Wanted. 

Name .  Last  Address  of  Record ,  from  which  Mail  has  been  Returned. 

Armstrong,  Richard  £., 416  E.  So.  2d  St,  Salt  Lake  City,  Utah. 

Benlley,  Thomas  H., 603  Blake-Mchall  Bide.,  Portland,  Ore. 

Casey,  John  P., 1509  Montana  St,  El  Paso,  Tex. 

Crary,  Charles  N., Valdez,  Alaska. 

David,  W.  M., Care  C.  G.  Hussey  &  Co.,  Second  Ave.,  Pitte- 

burg,  Pa. 

Ederheimer,  Leopold, Maine  Mining  <&  Mfg.  Co.,  52  Broadway,  New 

York,  N.  Y. 

Ferguson,  Donald, P.  O.  Box  644,  Goldfield,  Nev. 

Fergusson,  Hugh  B., 216  Loo  Bldg.,  Vancouver,  B.  C,  Canada. 

Finletter,  John  R., 625  St  Francis  Hotel,  San  Francisco,  Cal. 

Geisendorfer,  Henry  A., Ariz-Nev.  Copper  Co.,  Hillside,  Ariz. 

Grove,  Independence, Amparo  Mining  Co.,  Etzatlan,  Jal.,  Mexico. 

Heywood,  William  A., 4  Broad  St.  PI.,  London,  E.  C,  England. 

Hollis,  R.  W., Silverton,  Colo. 

Horschitz,  Richard  J^ P.  O.  Box  453,  Haileybury,  Ont ,  Canada. 

Johnson,  Alexander  T., Yellow  Pine  Mining  Co.,  Good  Springs,  Nev- 

Johnson,  Dion  L., 325  Water  St,  Pittsbursi  Pa. 

Keller,  Cornelius  H., Apartado  134,  Parral,  C%ih.,  Mexico. 

Kiddie,  Thomas, 884  Bute  St ,  Vancouver,  B.  C. ,  Canada. 

Lampshire,  John  O., Vulture  Mine,  Wickenburg,  Ariz. 

Lehmer,  Frank  W., Cia  Minera  Zapoteca,  Ocotlan,  Oax.,  Mexico. 

Mac  Kay,  Philip  A., **  Illinois,"  Winmuera  PI.,  Melbourne,  Vic,  Australia. 

Malins,  Francis  A., Metates  Mine,  San  Marcos,  Sin.,  Mexico. 

Moore,  Roy  W., P.  O.  Box  48,  Velasco,  Tex. 

Nelson,  D.  W.  C. ,  < Baker  City.  Ore. 

Peterson,  Frank, H.  W.  Helfman  Bldg.,  Los  Angeles,  CaL 

Potter,  CharhsF., 215  First  National  Bank  Bldg.,  San  Fran- 
cisco, Cal. 

Rathborne,  Merwyn  R.  W., Amargosa.  via  Las  Vegas,  Nev. 

Reynolds,  Llewellyn, Socorro  Mines,  Mogollon,  N.  M. 

Russell,  Branch  £., Apartado  22,  Nacozari,  Son.,  Mexico. 

Schroder,  Harold, English    and    Aust  Copper    Co.,   Wasatah, 

Tasmania. 

Stoddart,  A.  W., 638  Salisbury  House,  London,  E.  C,  EngUwi 

Sturges,  Harold Oaxaca,  Oax.,  Mexico. 

Van  Ness,  William  W., 622  Salisbury  House,  London,  E.  C,  England. 

Vinicombe,  Robert  E.B.,     Post  Restante,  Vladikafkas,  So.  Russia. 
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Watwn,  Ralph  W., Oalloo,  Utah,  Clifton  Mail  box. 

Webster,  Enstua  H.) Hotel  Cosmopolita,  Guadalajara,  Jal.,  Mexico. 

Wheler,  Aabrey  S., Box  48,  Salisbury,  Rhodesia,  So.  Africa. 

Willuims,  John  B., Care  Standard  fiank  of  So.  Africa,  10  Clem- 
ents Lane,  London,  £.  C,  England. 
Woods,  Clarence, Shawmut,  Cal. 

Necrology. 

The  deaths  of  the  following  members- were  reported  to  the  Secretary's 
office  during  the  month  of  September,  1813 : 

Ditoot 
fiedoa.         Name.  DateofDeoeaae. 

1895  "Britten,  Thomas  J., , . 

1899    »Cox,  Jennings  8.,  Jr., August  31,  1913. 

1876  *Daniels,  Fred  H August  31,  1913. 

1^72  tingham,  William  A September  23,  1913. 

1^90  ^Mannesmann,  Robert, July  8,  1913. 

*  Member.  **  Life  Member.  t  Associate. 
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STANDING  COMMITTEES. 

ExeetUive. 

CHARLES  F.  RAND,  Chairman, 

JAMES  F.  KEMP.  JOSEPH  W.  RICHARDS, 

ALBERT  R.  LEDOUX,  BENJAMIN  B.  THAYER. 

Meinbership, 

BENJAMIN  B.  THAYER,  Chairman. 

KARL  EILERS,  JOHN  H.  JANEWAY,  Jb., 

JOHN  D.  IRVING,  HERMAN  A.  PROSSBR. 

Finance. 


KARL  EILERS, 


EDWARD  L.  YOUNG,  Chairman. 

JAMES  GAYLEY. 
I/ibrary. 

JAMES  F.  KEMP,  Chairman.^ 

JOHN  HAYS  HAMMOND,"  E.  OYBBON  SPILBBURY,* 

ALEX.  C.  HUMPHREYS,^  BRADLEY  STOUGHTON. 


BRADLEY  STOUGHTON,  Ch, 
PHILIP  ARGALL, 
LEONARD  8.  AUSTIN, 
JOHN  BIRKINBINE, 
WILLIAM  H.  BLAUVELT, 
JOHN  C.  BRANNER, 
DAVID  W.  BRUNTON, 
GELA8I0  CAETANI, 
WILUAM  CAMPBELL, 
ALBERT  E.  CARLTON, 
ALLAN  JAY  CLARK, 
NATHANIEL  H.  EMMONS. 
JOHN  W.  FINCH, 
CHARLES  H.  FULTON. 


Papers  and  PMieaiions. 

JAMKS  GAYLEY, 
C.  WILLARD  HAYES, 
HEINRICH  O.  HOFMAN, 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
JAMES  F.  KEMP. 
CHARLES  KIRCHHOFF, 
CHARLES  K.  LEITH. 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD. 
HENRY  S.  MUNROE, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 


R0S8ITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 
ROBERT  H.  RICHARDS, 
HEINRICH  RIE8, 
E.  F.  ROEBER, 
RENO  H.  SALKS. 
ALBERT  SAUVEUR, 
CHARLES  H.  SHAMEL, 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE, 
RALPH  H.  SWEETSER, 
FELIX  A.  VOGEL. 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON. 


NOMINATING  COMMITTEE 

JOHN  HAYS  HAMMOND,  Chairman. 
FREDERICK  G.  COTTRELL,  JAMES  W.  MALCOLMSON, 

CHARLES  W.  GOODALE,  RICHARD  S.  McCAFFERY, 

CHESTER  F.  LEE.  ROBERT  H.  RICHARDS. 


COMMITTEE  ON  INCREASE  OF  MEMBERSfflP. 

ADOLPHE  E.  BORIE.  Chairman. 
THOMAS  T.  READ,  Secretary,  Woolworth  Bldg.,  New  York,  N.  Y, 


JOHN  H.  ALLEN, 

RICHARD  M.  ATWATER,  Jr., 

GEORGE  D.  BARRON, 

A.  CHESTER  BEATTY, 

J.  PARKE  CHANNING, 


Vice-  Chairmen . 


GEORGE  M.  COLVOCORES8E8, 
ROBERT  PEELE. 
CHARLES  P.  PERIN. 
JOSEPH  A.  VAN  MATER, 
ARTHUR  L.  WALKER. 


D.  C.  BARD, 

W.  DE  L.  BENEDICT, 
JOHN  C.  BRANNER. 
PALMER  CARTER, 
ALLAN  JAY  CLARK, 
C.  R.  CORNING, 
F.  CRABTREE, 
GEORGE  G.  CRAWFORD, 
O,  C.  DAVIDSON, 

E.  V.  D'INVILLIERS, 
JAMES  8.  DOUGLAS, 
WALTER  DOUGLAS. 
HOWARD  N.  EAVENSON, 
HOWARD  ECKFELDT, 


R.  C.  GEMMELL, 
F.  LOUIS  GRAMMER, 
ERNEST  A.  HERSAM, 
EDWIN  C.  HOLDEN, 
WILLIAM  L,  HONNOLD, 
REGINALD  E.  HORE, 
TEDASHIRO  INOUYE, 
C.  COLCOCK  JONES. 
EUGENE  P.  KENNEDY, 
CHESTER  F.  LEE.  ' 
RICHARD  S.  McCAFFERY, 
JAMES  F.  MCCLELLAND, 
MILTON  H.  McLEAN, 
PHILIP  N.  MOORE, 


T.  H.  0*BRIEN, 
JAMBS  J.  ORMSBSE, 
EDWARD  W.  PARKER. 
JOHN  B.  PORTER, 
F.  DANVERS  POWER, 
R.  M.  RAYMOND, 
ROBERT  H.  RICHARDS, 
LbROY  8AL8ICH, 
HENRY  LLOYD  SMYTH. 
F.  W.  TRAPHAGEN, 
ELTON  W.  WALKER, 
CHO  YANG. 
MORRISON  B.  YUNG. 


>  Until  Feb. ,  1914.    •  UntU  Feb. ,  1916.    » Until  Feb. ,  1916.    *  Until  Feb. ,  1917. 
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EXBCUTIVB  00MM1TTEE3  OF  LOCAL  SECTIONS. 

New  TorL 

LOUIS  D.  HUNTOON,  Ckairman. 
ARTHUR  8.  DWIGHT,  VUx-Chairman, 
THOMAS  T.  READ,  aeentary,  Woolworth  Bldg..  New  York»  N.  Y. 

£.  MALTBT  SHIPP.  l^reaturer. 
GEORGE  F.  KUNZ,  W.  Dl  L.  BENEDICT. 

Boston, 

ROBERT  H.  RICHARDS.  Chairman, 
ALBERT  SAUVEUR,  VU^Chairman, 
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The  Influence  of  Various  Elements  on  the  Absorption  of  Carbon 

by  Steel.* 

BY  ROBERT   B.    ABBOTT,   CLEVELAND,    OHIO. 
(New  York  Meeting,  October,  1913.) 

Thb  influence  of  various  elements  in  retarding  or  accelerating  the 
absorption  of  carbon  during  the  process  of  carburization  is  fairly  well 
known.  In  general  those  elements  which  form  carbides  accelerate 
the  absorption,  while  those  which  do  not  retard  it.  It  has  sometimes 
been  wrongly  stated  that  those  elements  which  raise  the  temperature 
of  the  critical  range  increase  the  absorption,  while  those  which  lower 
this  temperature  decrease  it.  Silicon  is  a  notable  exception  to  this 
rule,  for  its  influence  is  to  raise  the  critical  range  but  to  lower  the 
absorption  of  carbon.  Some  elements  which  do  not  form  carbides 
have  no  apparent  influence  upon  the  absorption  rate.  Carbon  itself 
retards  the  absorption  rate. 

With  a  view  to  obtaining  more  exact  data  upon  the  subject  the 
following  experiments  were  undertaken :  208  steels  of  different 
chemical  composition  were  selected  to  represent  most  of  the  types  of 
modern  constructional  steels.  Specimens  |  in.  in  diameter  and  |  in. 
in  length  were  weighed  to  milligrams.  They  were  then  packed  in 
the  special  carburizing  box  shown  in  Fig.  1,  and  kept  in  the  furnace 
for  10  hours  at  a  temperature  of  900°  C.  A  duplicate  experiment 
was  conducted  at  1,000°  C.  At  equal  intervals  of  time  the  box  was 
rotated  in  the  furnace  so  that  two  complete  revolutions  were  made  in 
the  10  hours.  This  precaution  was  taken  to  neutralize  as  much  as 
possible  any  effect  of  unequal  heating.  At  the  end  of  the  10  hours 
the  box  was  allowed  to  cool  in  the  furnace  with  the  doors  open.  The 
specimens  were  then  weighed  again  and  the  increased  weight  (carbon) 
determined.  In  the  following  table  are  given  the  analyses  of  the 
various  steels,  together  with  the  increased  weight  of  carbon  ex- 
pressed in  milligrams. 

*  Contributed  by  the  Metallurgical  Laboratorj  of  the  Peerless  Motor  Car  Co. 
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Mark. 


Chem  cal  Analysii. 


BU 

00 

PPP 


GOG 
B3 


BH 
C9 
B2 


Ni. 


Cr. 


V. 


P. 


S. 


Mn. 


8i. 


Increased  Weight 
InMg. 


900Pa 


0.366 
0.161 
0.072 


6.00 
6.20 
6.14 


0.027 
0.014 
0.017 


0.027 
0.012 
0.011 


0.63 
0.68 
0.29 


0.141 
0.137 
0.127 


103 
64 
96 


Group  if  4  per  cent  Nickel. 


1.000°  c. 


Group  1,  8  per  oont  Nickel. 

U4 

0.298 

8.00 

0.46 

0.07 

0.011 

0.021 

0.42 

0.112 

92 

169 

Group  2,  6  per  cent  Nickel. 

AA  An  An 

0.292 

6.00 

0.26 

0.033 

0.023 

0.64 

0.131 

94 

172 

Group  S,  6  per  cent.  Nickel. 

0.332 

3.76 
3.82 
3.89 
3.78 
3.72 
8.76 

0.016 
0.036 
0.018 
0.010 
0.019 
0.029 

0.020 
0.023 
0.021 
0.039 
0.023 
0.024 

0.61 
0.36 
O.fO 
0.63 
0.66 
0.66 

0.087 
0.239 
0.249 
0.163 
0.218 
0.244 

40 
87 
92 

118 
67 

103 

0.289 
0.262 
0.238 
0.192 
0.184 

0.06 

0.27 
0.07 
0.10 

• ■••••••• 

151 
187 
205 


KE 

0.390 
0.186 

4.14 
4.36 

0.013 

0.030  1 

2.6 

0.41 

0.264 
0.009 

64 
104 

154 

81 

0.20 

■••■•••• . 

0.013       0.048 

217 

Group  6,  Chrome-Nickel. 

BE 

0.600 
0.276 
0.208 
0.168 

6.12 
4.97 
6.21 
4.61 

1.03 

0.009 
0.010 
0.009 
0.018 

0.035 
0.020 
0.017 
0.010 

0.27 
0.37 
0.41 
0.36 

0.192 
0.192 
0.173 
0.291 

29 

101 

68 

86 

135 

T6 
AE 

'      SSS 

1.36 
1.22 
1.66 

0.06 
0.04 
0.03 

208 
213 
213 

.  / 

Group  6,  Chrome-Nickel. 

N2 
N6 

0.864 
0.311 
0.130 
0.120 

4.40 
4.30 
4.06 
4.32 

1.37 
1.28 
1.00 
1.31 

0.07 

0.009 
0.014 
0.013 
0.009 

0.022 
0.021 
0.019 
0.027 

0.42 
0.30 
0.32 
0.47 

0.240 
0.196 
0.168 
0.169 

86 

87 

80 

141 

190 
194 

Nl 
D6 

0.07 
0.08 

200 
206 

Group  7|  Nickel. 

167 
181 
198 
191 
202 
191 


DD 

116 
A7 
Dl 
BB 
Y6 
CC 

EEE 
&& 
CC° 
Bl 
BA 

BOX 

113 

BO 

HH 

K 

88 

99 

X7 

CA 

D3 

RO 

KE 

nil 

D6 


Group  8y  Nickel. 


0.392 
0.369 
0.367 
0.866 
0.342 
0.336 
0.324 
0.322 
0.318 
0.311 
0.299 
0.276 
0.248 
0.244 
0.231 
0.231 
0.216 
0.193 
0.184 
0.176 
0.168 
0.164 
0.166 
0.161 
0.131 
0.097 

3.27 
3.14 

a6i 

3.20 
3.36 
3.17 
3.40 
3.68 
3.26 
3.18 
3.64 
3.64 
3.10 
3.80 
3.71 
3.43 
3.60 
3.47 
3.34 
3.62 
3.69 
3.43 
3.24 
3.46 
3.38 
3.27 

0.08 
0.17 

0.008 
0.012 
0.013 
0.017 
0.011 
0.019 
0.008 
0.012 
0.011 
0.032 
0.034 
0.011 
0.026 
0.009 
0.041 
0.009 
0.026 
0.012 
0.011 
0.036 
0.009 
0.009 
0.036 
0.008 
0.014 
0.007 

0.026 
0.020 
0.029 
0.038 
0.020 
0.019 
0.023 
0.019 
0.013 
0.026 
0.023 
0.031 
0.027 
0.017 
0.028 
0.010 
0.034 
0.028 
0.021 
0.028 
0.027 
0.029 
0.036 
0.028 
0.026 
0.030 

0.11 
0.06 

0.05 

0.18 
0.16 

0.07 
0.07 
0.16 
0.07 
0.06 
0.19 
0.06 
0.06 

0.09 

0.06 
0.05 

0.64 
0.66 
0.66 
0.77 
0.71 
0.66 
0.66 
0.63 
0.63 
0.74 
0.70 
0.71 
0.70 
0.66 
0.70 
0.67 
0.64 
0.70 
0.70 
0.39 
0.38 
0.40 
0.49 
0.63 
0,67 
0.49 


0.300 
0.197 
0.076 
0.221 
0.165 
0.188 
0.126 
0.060 
0.310 
0.032 
0.244 
0.176 
0  261 
0.211 
0i226 
0.169 
0.032 
0.166 
0.169 
0.080 
0.116 
0.177 
0.062 
0.141 
0.197 
0.062 


60 
83 
66 
91 
96 
39 
48 
99 
68 
97 
77 
67 
87 
96 
84 
86 

164 
83 
79 

102 
96 
97 
96 
97 

109 

120 


156 
171 
168 
165 


190 
161 
181 
153 
172 
174 
182 
172 
188 
199 
207 
211 
192 
189 
190 
195 
211 
190 
192 
188 
200 
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Mark. 


Ni. 


Cbexnloftl  Axudytls. 


Cr. 


V. 


P. 


8. 


Hn. 


Si. 


IncnMed  Weight 
InMg. 


Wf>C. 


1,000°  C. 


Group  9,  Chrome-NickeL 


CT 
AK 

i  0.498 
0.459 

3.43 
2.63 
8.35 
3.03 
a27 
2.92 
8.55 
2.75 
8.27 
2.81 
2.62 
3.07 
3.11 
2.78 
2.81 
3.83 
3.07 
2.75 

0.30 
0.61 
0.77 
0.37 
0.54 
0.47 
0.22 
0.36 
0.68 
0.81 
0.29 
0.20 
0.67 
0.24 
0.65 
0.64 
0.39 
0.50 

0.08 

0.008 
0.013 
0.006 
0.017 
0.012 
0.023 
0.009 
0.009 
0.039 
0.020 
0.013 
0.036 
0.019 
0.029 
0.026 
0.035 
0.012 
0.016 

0.038 
0.012 
0.013 
0.023 
0.015 
0.088 
0.031 
0.019 
0.030 
0.017 
0.017 
0.033 
0.012 
0.026 
0.040 
0.017 
0.029 
0.021 

0.57 
0.47 
0.45 
0.74 
0.53 
0.63 
0.62 
0.45 
0.30 
0.45 
0.60 
0.58 
0.87 
0.54 
0.87 
0.50 
0.31 
0.89 

0.178 
0.272 
0.258 
0.202 
0.112 
0.282 
0.047 
0.235 
0.177 
0.216 
0.802 
0.008 
0.324 
0.126 
0.179 
0.061 
0.100 
0.110 

51 
68 
79 
58 
85 
69 
58 
92 

105 
78 

104 
80 

111 
60 
98 
88 

110 
93 

XO 

0.4(M 

SS  ,   0.402 

DDD 

0.362 
0.330 
0.295 
0.276 
0.281 
0.267 
0.254 
0.247 
0.342 
0.223 
0.220 
0.324 
0.129 
0.096 

JJ 

CU 
N4 

0.03 

R7 

VW 

N3 

9^ 

AM 

NNN 

TX 

n 

KA 

MO 

165 
168 


157 
18a 
184 

2or 

197 
198. 
191 
199' 

2oa 

17(^ 
18& 
209 
211 
206 
223 


Qroop  10,  Chrome-NickeL 


CI 

0.489 

8.16 

1.12 

0.025 

0.027 

0.48 

0.230 

'42 

179 

06 

0.402 

3.45 

1.20 

0.20 

0.017 

0.027 

0.74 

0.244 

121 

226 

BBR 

0.845 
0.328 

8.84 
8.40 

1.04 
1.35 

0.024 
0.009 

0.018 
0.018 

0.47 
0.19 

0.249 
0.126 

112 
110 

178 

11 

0.03 

220 

YYY 

0.312 
0.288 
0.229 

3.50 
8.91 
3.27 

0.99 
1.42 
0.94 

0.027 
0.012 
0.018 

0.017 
0.028 
0.016 

0.43 
0.42 
0.40 

0.206 
0.197 
0.216 

74 
66 
68 

187 

D4 

195 

UtJU 

• •••••••• 

209 

KB 

0.197 

8.51 

1.84 

0.07 

0.034 

0.088 

0.22 

0.158 

92 

218 

03 

ai96 

8.52 

1.11 

0.023 

0.028 

0.41 

0.225 

112 

218 

CV 

0.184 

3.26 

1.29 

0.03 

0.023 

0.029 

0.73 

0.145 

92 

245 

D2 

0.090 

2.94 

0.85 

0.009 

0.038 

0.55 

0.139 

108 

244 

Group  11,  Chrome-Nickel. 


£2 

0.645 
0.567 
0.555 
0.546 
0.496 
0.401 
0.382 
0.370 
0.340 
0.326 
0.298 
0.274 
0.271 
0.258 
0.198 

0  147 

1.66 
0.98 
2.36 
1.57 
1.27 
1.16 
1.60 
1.51 
1.20 
0.99 
1.08 
1.20 
1.25 
L25 
1.77 
1.28 
1.51 

0.46 
0.64 
0.41 
0.51 
0.38 
0.23 
0.49 
0.26 
0.53 
0.11 
0.18 
0.41 
0.35 
0.37 
0.46 
0.37 
0.30 

0.15 

0.023 
0.018 
0.027 
0.010 
0.029 
0.011 
0.004 
0.011 
0.006 
0.008 
0.008 
0.007 
0.013 
0.007 
0.007 
0.005 
0.004 

0.037 
0.032 
0.039 
0.022 
0.034 
0.038 
0.038 
0.039 
0.024 
0.047 
0.035 
0.032 
0.038 
0.033 
0.032 
0.025 
0.037 

0.72 
0.60 
0.52 
0.46 
0.35 
0.50 
0.59 
0.60 
0.51 
0.58 
0.39 
0.56 
0.56 
0.57 
0.40 
0.34 
0.44 

0.115 
0.235 
0.201 
0.060 
0.182 
0.098 
0.052 
0.118 
0.172 
0.042 
0.070 
0.057 
0.116 
0.159 
0.084 
0.134 
0.041 

29 
83 
61 
83 
86 
71 

105 
82 
70 
95 

110 

123 
77 

106 
97 
74 

116 

155 
169 

E5 

150 

H7 

188 

E4 
JJJ 

0.38 

190 
198 

A7 

200 

F 

182 

08 

201 

N 

190 

YY 

214 

R5 
B4 

m 

A6 

0.08 
0.96 
0.86 

205 
205 
189 
189 

07 

201 

Al  '  omk 

219 

~  '  ""                     1 
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Chemical  AnalyslB. 


Nl. 


Cr. 


V. 


P. 


S. 


Mn. 


81. 


Increased  Weight 
InMg. 


900°  0. 


1,000=  C. 


Group  12,  Ckrome-Nickel. 


C2 

0.562 
0.604 
0.603 
0.442 
0.416 
0.394 
0.377 
0.365 
0.363 
0.307 
0.308 
0.251 
0.226 
0.228 
0.213 
0.197 
0.186 
0.178 

1.63 
1.67 
1.93 
2.12 
1.69 
1.26 
1.67 
2.04 
1.65 
2.03 
1.35 
2.33 
2.06 
1.06 
1.79 
1.44 
2.03 
1.28 

'  1.14 
1.19 
0.99 
1.06 
1.11 
1.12 
1.31 
0.99 
0.70 
1.01 
0.72 
1.24 
0.97 
0.99 
1.05 
0.79 
0.66 
1.69 

0.020 
0.009 
0.008 
0.009 

0.02»i 
0.032 
0.016 
0.020 
0.018 
0.034 
0.037 
0.019 
0.036 
0.034 
0.036 
0.028 
0.024 
0.026 
0.020 
0.033 
0.015 
0.044 

0.41 
0.50 
0.52 
0.19 
0.36 
0.35 
0.21 
0.15 
0.53 
0.53 
0.67 
0.43 
0.11 
0.32 
0.42 
0.23 
0.53 
0.27 

0.2-25 
0.180 
0.1-27 
0.197 
0.094 
0.365 
0.163 
0.103 
0.112 
0.160 
0.070 
0.225 
0.075 
0.149 
0.092 
0.245 
0.122 
0.053 

65 
109 
110 

64 
106 
149 

98 
106 
113 

98 

89 
128 

89 
124 
114 

87 

62 
110 

196 

BY 
M 

0.03 

183 
175 

GG 

188 

S7 

^ 

0.018 

204 

E7 
K2 

•••«•••# 

0.027 
0.023 
0.008 
0.004 
0.032 
O.OOo 
0.032 
0.014 
0.023 
0.016 
0.029 
0.012 
0.022 

186 
211 

D 

196 

A8 
BT 

196 
224 

A4 

199 

C4 
FF 

0.06 

218 
228 

M6 
S3 

0.22 

229 
207 

CH 

216 

FFF 

191 

K8 

218 

YO 

BX 

A 

T9 


Group  13,  Nickel. 


0.660 
0.454 
0.220 
0.190 

0.2.5 
0.27 
0.23 
0.22 

0.027 
0.022 
0.006 
0.023 

0.019 
0.033 
0.039 
0.020 

0.43 
0.59 
0.42 

0.235 
0.170 
0.056 

0.46  )  0.042 

90 

87 

94 

102 


146 
173 
231 
221 


Group  14,  Chrome-Nickel. 


K7 
CD 
£6 
K4 

Kl 

CP 

C& 

KG 

U3 

L 

ED 

CI 


0.569 
0.630 
0.515 
0.443 
0.428 
0.373 
0.300 
0.231 
0.210 
0.201 
0.170 
0.160 
0,127 


0.20 
0.26 
0.66 
0.27 
0.53 
0.40 
0.25 
0.30 
0.27 
0.50 
0.62 
0.16 
0.13 


0.07 
0.11 
0.14 
0.22 
0.17 
0.18 
0.10 
0.06 
0.19 
0.20 
0.13 
0.06 
0.07 

0.012 
0.036 
0.034 
0.032 
0.012 
0.017 
0.016 
0.012 
0.048 
0.009 
0.008 
0.016 
0.070 

0.031 
0.029 
0.037 
0.028 
0.030 
0.032 
0.026 
0.034 
0.046 
0.068 
0.042 
0.039 
0.072 

0.37 
0.69 
0.48 
1.57 
0.49 
0.48 
0.62 
0.60 
0.47 
0.47 
0.52 
0.49 
0.60 

......... 

0.202 
0.140 
0.159 
0.116 
0.075 
0.230 
0.112 
0.169 
0.244 
0.004 
0.018 
0.225 
0.125 


Group  15,  Chrome-Nickel. 


179 
173 
161 
183 
172 
186 
209 
195 
203 
207 
255 
207 
217 


HHH 


0.703    1  0.24  I  0.47 


0.011        0.015 

0.54     0.094 

80      I  177 
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Ifar^- 


C. 


Nl. 


Chemical  Analjrai*. 


Cr. 


V. 


P. 


8. 


Mn. 


Increaaed  Weight 
InMg. 


81.       MO^C. 


1,000°  C. 


Group  16,  Carbon. 


A5 
AA 
BM 
CE 
AH  ; 

£ 

QQ 

X6 
B8 
XI 
H8 
££ 

LLL 
U6 
T3 
D 
B9 
Y7 

AX 
Yl 
X4 
U7 

AU 
X5 
B7 
M8 
X3 
BV 
U5 
£1 
M2 

TTT 
Tl 

OOO 


1.21 

1.03 

0.667 

0.593 

0.447 

0.414 

0.389 

0.341 

0.344 

0.305 

0.300 

0.294 

0.294 

0.283 

0.276 

0.267 

0.244 

0.240 

0.228 

0.216 

0.219 

0.217 

0.205 

0.196 

0.202 

0.195 

0.186 

0.166 

0.167 

0.146 

0.139 

0.111 

0.077 

0.022 


0.06 
0.11 


0.06 


0.06 


0.04 
0.04 


0.08 
0.05 


0.05 


0.06 


0.06 


0.04 


0.07  I 


0.07 
0.06 


0.007 
0.011 
0.009 
0.050 
0.014 
0.014 
0.012 
0.047 
0.014 
0.041 
0.039 
0.014 
0.023 
0.016 
0.058 
0.009 
0.104 
0.018 
0.077 
0.013 
0.027 
0.029 
0.010 
0.023 
0.010 
0.016 
0.016 
0.049 
0.020 
0.018 
0.013 
0.018 
0.013 
0.012 


0.032 
0.032 
0.018 
0.029 
0.017 
0.038 
0.032 
0.025 
0.029 
0.018 
0.024 
0.037 
0.040 
0.018 
0.029 
0.031 
0.053 
0.018 
0.072 
0.019 
0.031 
0.022 
0.038 
0.027 
0.023 
0.046 
0.022 
0.049 
0.021 
0.044 
0.033 
0.135 
0.019 
0.022 


I 


0.32 
0.37 
0.77 
0.65 
0.60 
0.51 
0.57 
1.61 
0.54 
1.61 
1.60 
0.42 
0.44 
1.60 
1.35 
0.37 
0.52 
0.38 
0.80 
0.30 
0.46 
0.72 
0.54 
0.71 
0.51 
0.59 
0.47 
0.63 
0.44 
0.87 
0.16 
0.59 
0.60 
0.10 


0.163 
0.141 
0.168 
0.315 
0.206 
0.052 
0.159 
0.009 
0.030 
0.014 
0.098 
0.018 
0.037 
0.023 
0.173 
0.022 
0.056 
0.056 
0.018 
0.084 
0.005 
0.0.=)1 
0.014 
0.008 
0.030 
0.225 
0.009 
0.042 
0.005 
0.057 
0.225 
0.025 
0.075 
0.025 


72 

55 

59 

67 

102 

78 

85 

86 

93 

96 

126 

112 

94 

109 

86 

103 

94 

104 

89 

113 

121 

97 

105 

116 

113 

105 

106 

103 

110 

104 

130 

115 

91 

95 


73 
79 
152 
149 
200 
194 
216 
223 
217 
218 
225 
208 
190 
201 
201 
200 
204 
188 
209 


242 
229 
216 
220 
218 
207 
210 
235 
213 
251 
227 
227 
235 
215 


Group  17,  Chrome- Vanadium. 


H5 

V 

82 

G 

OX 

VV 

BBB 


0.676 
0.569 
0.479 
0.318 
0.266 
0.129 
0.127 


1 

0.75 
0.69 
0.71 
0.74 
0.62 
0.33 
0.73 

0.11 
0.22 
0.18 
0.21 
0.17 
0.10 
0.16 

0.014 
0.008 
0.009 
0.015 
0.032 
0.008 
0.012 

0.033 
0.019 
0.027 
0.023 
0.037 
0.030 
0.018 

0.67  1 

0.37 

0.79 

0.197 
0.202 
0.17.^ 

108 
84 
120 
117 
129 
116 
142 

0.12 
0.24 

0.42     0.165 
0.26     0.108 
0.33  1  0.108 

0.46 

0.051 

170 
191 
231 
221 
222 
214 
247 
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Hark. 

1 

Chemical  Analysis. 

Increased  Weight 
in  Kg. 

C. 

Nl. 

Cr. 

V. 

P. 

8.       '    Mn. 

1 

81. 

900OC. 

IfiOOPC. 

Groap  18.  Chrome-Vanadium. 

B4 

1.06 

0.882 

0.708 

0.617 

0.612 

0.616 

0.620 

0.491 

0.474 

0.467 

0.463 

0.406 

0.411 

0.397 

0.374 

0.339 

0.338 

0.320 

0.310 

0.204 

0.161 

0.95 
1.14 
0.94 
1.19 
0.82 
1.01 
1.16 
1.04 
1.19 
1.17 
1.04 
1.23 
1.06 
1.26 
1.04 
0.97 
1.00 
0.94 
0.86 
1.03 
0.74 

0.10 
0.23 
0.21 
0.23 
0.19 
0.19 
0.15 
0.09 
0.18 
0.14 
0.18 
0.20 
0.10 
0.19 
0.15 
0.19 
0.13 
0.19 
0.27 
0.16 
0.19 

0.022 
0.041 
0.026 
0.031 
0.009 
0,006 
0.011 
0.011 
0.009 
0.009 
0.025 
0.060 
0.034 
0.008 
0.009 
0.008 
0.011 
0.020 
0.012 
0.012 
0.012 

0.023 
0.022 
0.022 
0.025 
0.021 
0.017 
0.027 
0.020 
0.014 
0.025 
0.026 
0.035 
0.027 
0.016 
0.029 
0.013 
0.038 
0.027 
0.021 
0.027 
0.025 

0.36  1  0.220 
0.50  1  0.094 

94 
109 
111 
90 
86 
123 
108 
110 
134 
113 
128 
126 
114 
126 
145 
137 
118 
120 
129 
167 
142 

143 

X2 

196 

M3 

0.47 
0.76 
0.39 
0.70 
0.47 
0.92 
0.80 
0.48 
0.98 
0.32 
0.66 
0.82 
0.62 
0.48 
0.57 
0.62 
0.83 
0.62 
0.32 

0.062 
0.163 
0.146 
0.286 
0.162 
0.155 
0.169 
0.198 
0.296 
0.174 
0.136 
0.169 
0.148 
0.146 
0.094 
0.094 
0.086 
0,244 
0.178 

190 

M6 

207 

J 

210 

AO 

200 

4 

220 

XX 

206 

Y 

I 

0.10 

244 

236 

B6 

233 

00 
0 

0.34 

217 
219 

& 
3 

0.13 

257 
230 

Z 
UU 

0.12 

231 
230 

Y4 

230 

AAA 

230 

05 

237 

8 

"0.69" 

247 

On 

rap  19| 

Chrome-Vanadiam. 

E6 

0.754 
0.382 

1.96 
2.09 

0.51 
0.06 

0.034 
0.010 

0.023      0.23     0.316 
0.037      0.19    0.187 

127  1 
121  1 

212 

K6 

6.26* 

227 

Groi 

ip  20,  Chi 

■ome. 

80 

0.967        0-22  1 

1.23 
0.92 

0.022 
0.014 

0.016 
0.028 

0.26     0.188  1 

103 
79 

150 

86 

0.906 

0.36 

0.089  I 

141 

Grou 

p  21,  Chr 

ome. 

Ul 

0.673 
0.490 

0.11 
0.12 

0.020 
0.020 

0.009 
0.010 

0.66 
0.44 

0.267 
0  .SIO  1 

76 
94 

164 

U2 

192 

G 

^roup  21 

2,  Chrome 

^-Silicon. 

HI 

0.402 

0.92 

0.O07 

0.017      0.78     0.5.^7 

108  ! 

1 

195 

1 

1 

Groi 

ip  23,  Sili 

con. 

Q 
AD 

0.672 
0.617 
0.494 
0.366 
0.371 
0.307 
0.225 
0.222 

0.047 
0.013 
0.044 
0.025 
0.063 
0.049 
0.028 
0.009 

0.044 
0.009 
0.036 
0.035 
0.042 
0.026 
0.036 
0.047 

0.48     1-18    1 

18  1 
14  ! 
66 
77 
66 
79 
70 
82  ; 

101 

0.14 

0.54 
1.18 
0.67 
0.67 
0.48 
0.64 
0.58 

1.60 

0.677 

1.27 

2.16 

2.39 

0.972 

0.996 

109 

QQQ 

B 

0.05 

137 

49 

BS 

0.21 
0.53 

107 

B6 

125 

B 

0.05 
0.02 

126 

2 
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In  order  to  correlate  the  value  of  the  various  elements  in  their 
carburizing  effect  a  mathematical  investigation  was  undertaken. 
From  each  steel  an  equation  can  be  formed  connecting  the  increased 
weight  with  the  percentage  of  the  various  elements  present.  This 
will  give  us  as  many  equations  as  we  have  steels,  and  the  problem 
then  resolves  itself  into  an  equalization  of  the  errors  of  observation, 
analysis  and  weight  entering  into  each  equation  by  a  consideration  of 
the  remaining  ones.  This  can  be  done  by  the  method  of  least  squares. 
All  the  elements  were  first  considered,  and  much  time  was  spent  in 
solving  this  problem.  This  proved  a  mathematical  success,  but  a  flat 
failure  from  a  practical  standpoint. 
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Fio.  1. — Carburizino  Box. 

By  the  method  of  least  squares  a  problem  containing  more  equations 
than  unknowns  is  solved  by  reducing  the  excess  equations  to  a  number 
equal  to  the  unknown  quantities.  These  final  equations  are  known 
35  normal  equations;  they  are  solved  by  the  ordinary  processes  of 
algebra.  In  this  case  they  were  solved  by  the  method  of  determinants. 
There  are  many  difficulties  in  the  way  of  the  solution  of  such  a  prob- 
lem, some  of  which  are  as  follows : 

(a)  The  correct  formation  of  the  original  equations. 

(b)  The  presence  of  elements  occurring  in  nearly  constant  amounts. 

(c)  The  presence  of  elements  having  little  or  no  influence  on  the 
final  result. 
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The  formation  of  the  original  equatioD  ie  the  most  importai 
arce  of  error.  For  example,  the  amount  of  carbon  absorbed  mt 
t  be  a  etraight-line  function  of  the  percentage  of  Bome  one  elemeD 
leir  relationship  may  be  expressed  by  a  curve  or  a  broken  line  or 
mbination  of  the  two.  Again,  element  A  in  the  absence  of  eleiuej 
may  be  a  atraight-liue  function  throughout  its  range,  while  in  tl 
esenco  of  B  it  may  not  be.  As  an  example  of  this  it  might  ea^il 
conceived  that  chromium  existing  as  a  carbide  of  chromium  woiil 
ve  a  different  effect  from  chromium  in  solution  with  the  iron.  I 
the  mathematical  work  undertaken  in  this  investigation  it  w; 
iumed  that  the  relations  were  represented  by  straight-line  fun 
ns.     Apparently   some  of    the  results  indicate  that    this  is  a 

In  a  solution  of  a  problem  by  the  method  of  least  squares  the  fini 
Bwer  obtained  is  the  most  probable  considering  all  the  variable 
inifestly  an  element  having  no  effect  on  the  final  result  or  or 
Eurring  in  constant  quantity  should  not  have  the  errors  of  measnr 
mt  of  the  other  variables  distributed  over  it.  This  is  one  sonrc 
error  in  the  present  problem.  For  this  reason  after  the  failure  i 
i  first  solution  sulphur,  manganese,  phosphorus,  and  silicon  wei 
t  out  of  the  calculation  and  the  high-silicon  steels  were  not  used  i 
'ther  calculation  involving  more  than  two  variables. 
An  equation  containing  three  unknowns  was  formed  from  steels  ( 
sups  1,  2,  3,  4,  7,  a,  13,  16,  omitting  those  containing  any  appn 
Me  amounts  of  chromium  and  using  high-temperature  weigh 
ly.     This  equation  was  placed  in  the  intercept  form  thus: 

C         N         W 

^    +_+_-  =  !  („ 

which  C,  N,  and  W  represent  the  percentage  ol  carbon,  nick* 
d  increase  in  weight,  respectively,  while  a,  b,  and  d  are  the  inte 
3t8  of  the  plane  representing  the  equation  upon  the  correspondin 
Bs.  The  76  separate  equations  thus  formed  were  reduced  to  fot 
rmal  equations,  which,  in  turn,  were  solved,  giving  the  followin 
lues: 

CN'W  +  2^CNHNW)_(CW)  —  (CW)'S'  —  (CN)'W'  —  (NW)'C' 

'CN'W'H-  (CN)  (NW)  W+  N(NWi(CW)  — WN'((;W)-(CN)K  W'— C(NW 

CN'W  +  2  (CN)  (NW)  (CW)  —  (CW)»N'  — (ra»)'W' —  (NW)'C 

'CNW  +  C  'NW)  (CW)  +  "(CW)  ICN)  W  —  N  (CW)'"— CW'  (CN)  — (TW  INW) 

CN'W*  +  2(CN)  (NW)  (CW)  —  (CW)'N'— (CN)'W' —  (NW)'C' 
'  C'N'W+  N  (CN)  (CW)  ^- C  (CN)  (WN)  —  CN' (CW)—  {CN)>W  —  CN  (KW) 
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In  the  above  values  of  a,  b,  and  c,  the  letters  C,  N,  and  W  represent 
the  summation  of  the  carbon,  nickel,  and  weight  valaes  of  the  total 
number  of  steels  and  not  the  values  of  the  single  steels  as  is  repre- 
sented in  equation  (1). 
The  equation  determined  from  the  above  values  is  as  follows : 

Carbon        Nickel        Weight 
1.13  89.5  266  ^  ^ 

These  values  are  very  reasonable  and  have  the  following  meaning : 
1.13  per  cent,  of  carbon  will  reduce  the  efficiency  of  carbon  absorp- 
tion the  same  amount  as  89.5  per  cent,  of  nickel,  or,  stated  in  abetter 
form,  0.01  per  cent,  carbon  is  equivalent  to  0.35  per  cent,  nickel.  To 
make  use  of  it  in  a  practical  problem  a  8.5  percent,  nickel  steel  of  0.20 
per  cent,  carbon  will  absorb  carbon  as  rapidly  and  in  the  same  amounts 
as  a  0.30  per  cent,  carbon  steel  without  nickel. 

An  attempt  was  then  made  to  form  an  equation  connecting 
carbon,  nickel,  and  chrome  with  weight  by  using  all  the  analyses 
except  groups  22  and  28.  The  equations  so  determined  were  as 
follows :  » 

For  900° : 

Carbon        Nickel         Chrome        Weiffht 

+ +  ^—  =  1  (3) 

0.56  6.85  53  100  ^  ^ 

For  1,000° : 

Carbon        Nickel         Chrome        Weight 
0.56  6.95  80  199  ^  ^ 

These  are  interesting;  but  while  mathematically  correct  they  are, 
from  a  practical  standpoint,  hard  to  interpret.  They  would  indicate, 
for  example,  that  a  pure  iron  would  absorb  199  mg.  of  carbon  at 
1,000°  in  10  hours,  and  100  mg.  at  900° ;  as  a  matter  of  fact  this  is 
too  low  a  value. 

Equations  were  then  worked  out  for  the  different  alloy  groups, 
using  two  unknowns,  carbon  and  weight,  and  assuming  the  amounts 
of  alloys  to  be  constants.  These  results  are  plotted  in  Figs.  2  and  3, 
which  are  nearly  self-explanatory. 

Consider  Fig.  2 :  Line  1  is  the  equation  of  group  18,  the  steels  of 
which  have  an  average  chromium  content  of  1.04  per  cent.,  and  a 
vanadiura  content  of  0.18  per  cent.     Line  2  is  the  equation  of  group 
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16.  Line  3  of  group  8,  with  an  average  nickel  content  of  8.38  per 
cent,  (chrome  0.09  per  cent.).  Line  5  ia  group  28,  with  an  average 
silicon  content  of  1.65  per  cent.  (Omit  R.)  It  will  be  noted  that  the 
slope  of  the  lines  (except  for  silicon)  is  practically  the  same.  In 
effect  this  means  that  the  same  increase  in  carbon  in  the  original 
steels  will  lower  the  absorption  the  same  amount,  whether  the  steel 
be  plain  carbon,  chrome  vanadium,  or  nickel. 

Consider  a  0.20  per  cent  carbon  steel :  1.00  per  cent,  chromium  anp 
0.18  per  cent,  vanadium  increase  the  absorption  rate  about  IS  per 
cent,  over  a  plain  carbon  steel,  while  8.88  per  cent,  nickel  decreases 
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1.  Chrome-Vanadium.    Carburized  at  1,000®  C. 

2.  Carbon.     Carburized  at  1,000°  C. 

3.  Nickel.    Carburized  at  l^OOO"*  C. 

4.  High  Chrome- Vanadium.     Carburized  at  900®  C 

5.  Silicon.     Carburized  at  1,000""  C 

6.  Low  Chrome- Vanadium.     Carburized  at  900°  C 

7.  Carbon.    Carburized  at  900°  C. 

8.  Nickel.     Carburized  at  900°  C. 

Fig.  2.— Results  op  Carbubizino  Vabious  Steels  at  Diffebzkt  Tempebaturbb. 

this  rate  about  the  same  amount;  1.65  per  cent,  silicon  decreases  it 
about  40  per  cent. 

Lines  4,  7,  and  8  represent  the  same  groups  of  steels  as  lines  1,  2, 
and  3,  but  carburized  at  900°.  Line  6  represents  group  17,  with  an 
average  chrome  content  of  0.62  per  cent,  and  0.16  percent,  vanadium. 
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It  will  be  noted  that  with  the  low  temperature  an  increase  in  carbon 
in  the  original  steel  decreases  the  rate  of  absorption  more  rapidly 
than  at  the  high  temperature. 

In  Fig.  3  some  of  the  above  lines  are  repeated  and  there  are  added 
lines  for  the  chrome-nickel  steels.  Lines  la  and  3a  were  developed 
from  the  same  groups  of  steels  as  lines  1  and  3yUsingy  however,  only 
those  steels  containing  less  than  0.40  per  cent,  carbon.  The  changed 
slope  of  these  lines  indicates  that  for  a  low  carbon  content  originally 
in  the  steel,  an  increase  in  it  is  of  less  importance  in  influencing  the 
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1.  Chrome- Vanadium  (Cr  =  1.04,  V  =  0.18  average).     All  Carbons. 

la.  Chrome-Vanadium  (Cr  =  0.98,  V  =  0.18  average).   Carbon  <  0.40  per  cent 

3.  Carbon.     All  Carbons. 

3a.  Carbon.     Carbon  <  0.40  per  cent 

4.  Chiome-Nickel  (Cr  =  0.38,  Ni  =  1.99  average). 

5.  Chrome-Nickel  (Cr  =  0.46,  Ni  ==  3.03  average). 

6.  Chiome-Nickel  (Cr  =  1.20,  Ni  =  3.39  average). 

7.  Chrome-Nickel  (Cr  =  1.04,  Ni  =  1.70  average). 

8.  Nickel  (Cr  :=  0.09,  Ni  =  3.38  average). 

2.  Carbon.     All  Carbons.     Carburized  at  900°  C. 

2a.  Carbon.     Carbon  <  0.40  per  cent     Carburized  at  900°  C. 

Fig.  3.— Bxsults  of  Cabbubizing  Vabious  Steels  at  1,000^  C. 

rate  of  carburization  than  for  a  high  initial  content.  It  also  indicates 
the  probability  of  the  carbon-weight  equation  being  a  curve.  Line  4 
represents  group  11 ;  line  5,  group  9;  line  6,  group  10;  line  7,  group 
12;  line  8,  group  8. 
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In  Fig.  4  are  plotted  two  manganese  lines  developed  from  steels 
X6,  XI,  H8,  U6,  T3,  Y7,  AX,  X4,  U7,  AU,  X5,  B7,  M8,  X3,  and 
M2.  A  correction  was  first  made  on  these  steels  for  carbon  contents 
by  reducing  all  to  0.20  per  cent  carbon.     At  the  lower  temperature 
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Fio.  4. — Effect  of  Manga  nbbx  and  NicKEii  on  the  Absorption  of 

Caebon  by  Steel. 

manganese,  within  the  range  taken,  apparently  has  no  effect,  while  at 
the  higher  temperature  it  increases  the  carbon  absorption. 

In  a  similar  manner  nickel  lines  were  plotted  using  steels  U4, 
MMM,  B3,  CC°,  Bl. 
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Note  on  the  Utilization  of  the  Waste  Heat  of  Regenerative 

Furnaces. 

BY  OBOBOE  C.   STONE,   NEW  TOBK,   N.    Y. 
(New  York  Meeting,  October,  1913.) 

Thib  stack  gases  from  regenerative  furnaces  are  very  seldom 
utilized  for  the  production  of  steam.  If  the  temperature  of  the  gases 
is  not  higher  than  800*^  C.  (572°  F.)  there  is  no  economy  in  their  use 
for  this  purpose,  as  the  amount  of  available  heat  is  very  small  and  the 
temperature  is  so  little  above  that  of  the  steam  that  the  interchange 
is  too  slow.  With  higher  temperatures  of  the  waste  gases,  however, 
good  results  can  be  obtained. 

At  the  plant  of  the  New  Jersey  Zinc  Co.  (of  Pa.)  at  Palmerton 
there  are  a  number  of  return  tubular  boilers,  each  6  ft.  in  diameter 
and  20  ft.  long,  with  96  3.5-in.  tubes,  which  are  heated  by  the  waste 
gases  from  the  spelter  furnaces.  These  furnaces  have  continuous  re- 
generators heating  the  air  only  and  the  stack  gases  reach  the  boilers 
at  a  temperature  of  about  450°.  The  gas  producers  for  one  of  these 
furnaces  require  14  tons  of  anthracite  (a  mixture  of  Nos.  2  and  8 
buckwheat),  and  the  waste  heat  from  the  furnace  gives  a  little  more 
than  42  h.p.  in  steam. 

The  boilers  are  not  well  adapted  for  the  purpose,  as  they  are  much 
too  large  for  the  amount  of  heat  going  to  them  and  the  area  of  the 
tubes  is  not  sufficient  to  take  the  gas  from  two  furnaces  without  caus- 
ing an  objectionable  amount  of  back  pressure.  The  plant  was  built 
without  any  idea  of  using  waste-heat  boilers,  and  it  was  impossible  to 
place  the  latter  as  close  to  the  furnaces  as  they  should  be.  Furnace 
and  boiler  are  connected  by  an  underground  brick  flue  in  which  the 
temperature  of  the  gas  drops  about  100°,  losing  40  per  cent,  of  its 
available  heat.  If  the  boilers  were  close  to  the  furnaces  the  horse 
power  of  each  would  be  70  instead  of  42. 

Even  under  these  unfavorable  conditions  the  boilers  have  been  very 
advantageous,  as  one  boiler  easily  supplies  the  steam  necessary  for 
two  batteries  of  producers. 

With  such  low  gas  temperatures  the  heating  surface  of  the  boilers 
is,  of  coarse,  not  as  efficient  and  the  flue  areas  need  to  be  consider- 
ably larger  than  for  coal  firing. 
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We  have  found  that  under  our  conditionB  with  gases  at  450^  about 
3  h.p.  can  be  obtained  for  each  ton  of  coal  gasified,  and  that  this  is 
increased  or  decreased  by  1  h.p.  for  a  variation  of  50®  in  the  temper- 
ature of  the  gas  entering  the  boiler  setting.  In  Germany  similar  fur- 
naces fired  with  gas  from  bituminous  coal  have  given  rather  better 
results,  as  they  were  equipped  with  especially  designed  water-tube 
boilers.  Both  here  and  in  Germany  the  use  of  the  boilers  has  had 
no  visible  efiect  on  the  working  of  the  furnaces. 
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The  Disposition  of  Natural  Resources. 

BY  OXOBOB  OTia  SMITH,*  WikSHINOTOKy   D.    0. 
(New  York  Meeting,  February,  1914.) 

In  the  utilization  of  natural  resources  owner,  operator,  and  consumer 
should  share  the  attendant  benefits.  Development  needs  to  be  planned 
under  terms  recognizing  fully  the  interests  of  all  concerned,  for  any 
undue  advantage  given  to  any  one  of  these  participants  is  apt  to  in- 
volve even  greater  and  disproportionate  injury  to  one  or  both  of  the 
others.  For  this  reason  it  is  well  to  preface  any  consideration  of 
needed  reforms  in  legislation  affecting  the  disposition  of  public  land 
with  a  survey  of  certain  fundamental  principles  that  determine  the 
general  conditions  of  all  land  transfers  preliminary  to  development, 
utilization,  and  production. 

The  disposition  of  any  undeveloped  natural  resource,  whether 
timber,  oil,  coal,  or  water  power,  as  a  transaction  to  which  land 
owner  and  prospective  developer  are  parties,  must  be  based  in  theory 
upon  a  division  of  expected  returns.  Whatever  the  terms  of  such 
disposition,  neither  party  can  reasonably  ask  for  anything  other  than 
an  equitable  division  of  the  returns.  Under  this  analysis  three  and 
only  three  questions  need  to  be  discussed ;  namely,  what  are  those 
profits,  how  is  this  division  to  be  accomplished,  and  what  is  the  equi- 
table basis  of  division  ? 

The  answer  to  the  third  question  should  probably  be  found  by 
applying  to  the  problem  the  principles  of  theoretical  sociology,  and 
the  question  need  not  be  mentioned  further  at  this  time,  inasmuch  as 
it  does  not  involve  the  practical  considerations  to  be  kept  in  mind  in 
connection  with  the  other  questions,  which  are  concerned  with  only 
the  measure  of  returns  and  their  division.  That  is  to  say,  whether 
the  land  owner's  equity  is  to  be  stated  as  95  per  cent,  or  as  5  per  cent, 
of  the  profits  attending  the  development  of  the  particular  resource,  no 
change  would  be  necessary  in  the  method  to  be  adopted  of  arriving  at 
the  closest  approximation  of  the  prospective  total  profit. 

If  on  this  basis  we  now  compare  the  two  methods  of  disposing  of 

*  Director,  U.  S.  Geological  Survey. 


2404  THE   DISPOSITION   OF   NATURAL   RBSOURCBS. 

land  valuable  for  its  natural  resources,  sale  and  lease,  we  shall  dis- 
cover a  somewhat  regular  variation  in  the  degree  of  approach  to  the 
ideal  determination  of  actual  profits  and  accomplishment  of  their  defi- 
nite division.  The  sale  of  an  undeveloped  resource  is  predicated  upon 
an  advance  estimate  of  its  prospective  value  for  purposes  of  develop- 
ment, and  whatever  the  theory  of  division  of  its  appraised  value 
between  the  land  owner  and  the  operator,  there  will  exist  a  certain 
element  of  risk  whicb  necessarily  involves  the  possibility  of  dispro- 
portionate profit  or  loss  to  either  party  and  which  naturally  will  be 
discounted  by  both.  We  must  recognize  that  the  risk  thus  created 
becomes  a  legitimate  if  not  absolutely  necessary  basis  for  an  addi- 
tional item  of  cost  in  operation  and  therefore  will  tend  to  increase 
both  cost  and  selling  price ;  so  that  if  at  this  point  there  is  introduced 
the  third  party  to  all  such  transactions,  namely,  the  ultimate  consumer, 
we  discover  who  pays  the  carrying  charge  of  this  risk.  This  added 
item  of  cost  may  appear  in  the  preliminary  financing  in  the  form  of  a 
larger  interest  rate  offered  to  the  bondholder,  or  of  a  larger  discount 
given  to  the  underwriter,  or  of  a  larger  dividend  promised  to  the  stock- 
holder, or  in  all  these  combined. 

The  uncertainty  in  the  valuation  of  undeveloped  resources  may  be 
illustrated  by  citing  that  of  coal  estimates  in  unexplored  territory,  it 
being  a  common  experience  of  engineers  either  to  overestimate  or  to 
underestimate  the  tonnage,  even  after  preliminary  drilling  of  the 
tract  under  consideration.*  As  a  means  of  obviatino:  this  uncertaintT 
so  far  as  the  amount  of  payment  to  the  land  owner  by  the  operator  is 
concerned  and  of  permitting  a  more  equitable  sharing  of  the  attendant 
risk,  the  advantage  of  lease  over  sale  becomes  apparent.  In  timber 
lands  the  benefits  of  operating  under  lease  are  of  similar  nature. 

The  charge  paid  by  the  operator  to  the  land  owner  under  lease- 
hold may  be  figured  at  either  a  fixed  or  a  variable  rate.  If  fixed,  the 
charge  may  be  either  one  based  upon  the  area  of  the  land  involved, 
in  which  case  it  is  termed  rent  when  paid  periodically  or  bonus  when 
paid  in  a^lump  sum,  or  one  determined  by  the  quantity  of  the  prod- 
uct of  the  land,  in  which  case  it  is  termed  royalty;  or  the  compensa- 
tion may  be  fixed  by  a  combination  of  the  two  methods.  Rent  and 
bonus  are  in  a  measure  unfair,  or  at  least  less  equitable,  in  that  they 
involve  no  direct  account  of  the  extent  of  actual  use,  while,  on  the 
other  hand,  royalty  is  dangerous  in  that  it  sometimes  places  a  pre- 
mium on  speculative  non-development  or  non-use  in  furtherance  of 

^  The  difficulties  attending  even  the  moet  painstaking  efiforts  to  estimate  value  or  predict 
profits  are  best  set  forth  in  the  contribution  of  Dr.  Chance,  Valuation  of  Coal  Land,  at  the 
fiutte  meeting  of  this  Institute,  BuUetin  No.  79,  July,  1913,  pp.  1815  to  1341. 
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monopolization.  A  combination  of  the  two  becomes  advantageous, 
wherein  the  rent  is  made  a  penalty  for  non-use  but  is  remitted  when- 
ever an  equivalent  royalty  is  being  paid. 

Eoyalty,  expressed  as  so  many  cents  or  dollars  per  unit  of  the  pro- 
duct, fails  to  pro\-ide  the  proper  division  of  profit  in  that  it  neglects 
full  consideration  of  the  varying  value  of  that  product.  To  conform 
to  such  variation  with  either  time  or  place  the  royalty  itself  should 
be  variable,  and  it  may  be  made  so  by  a  variation  in  terms  whereby  the 
royalty  varies,  for  instance,  with  stage  of  development  and  thus  in- 
directly and  somewhat  indefinitely  with  cost  of  operation,  an  arbitrary 
method  of  securing  a  definite  sharing  of  the  expected  profits ;  or  the 
rate  may  be  made  to  vary  with  market  price  of  product,  as  in  iron 
ore  leases,  wherein  there  is  a  fixed  basal  royalty  with  an  increment 
dependent  upon  the  current  market  price  of  ore.  Or,  better,  the 
variation  may  be  made  to  coincide  automatically  with  the  changing 
value  of  the  product  by  making  the  royalty  one  in  kind,  as  is  the  com- 
mon practice  in  petroleum  leases,  where  the  royalty  is  a  stated  frac- 
tion of  the  output.  Yet  even  this  better  form  of  variable  royalty 
itself  falls  short  of  the  ideal  by  its  lack  of  consideration  of  the  impor- 
tant element  of  cost  of  operation,  although  of  course  it  takes  full 
account  of  the  varying  selling  price.  If  these  methods  of  varying  the 
royalty  with  changing  cost  and  price  are  combined  a  nearer  approach 
to  the  ideal  is  attained,  as,  for  instance,  if  tiie  fraction  expressing  the 
royalty  should  be  decreased  as  cost  goes  up  or  as  gross  receipts  go 
down.  An  illustration  of  this  may  be  seen  in  the  advantages  that 
would  accrue  in  the  case  of  an  oil  pool  having  a  steadily  decreasing 
yield,  where  the  royalty  fraction  should  be  proportionately  decreased, 
thus  affording  the  operator  a  continuing  profit— suflicient  to  warrant 
his  continued  pumping  rather  than  forcing  him  to  abandon  the  field. 
On  the  side  of  the  land  owner,  receipts  would  continue  over  a  longer 
period  and  aggregate  a  much  larger  amount,  even  if  the  royalty  rate 
was  successively  decreased  from  ^  to  |  to  y^^  to  -^  to  -^  or  even  to  ^, 
Even  more  important  would  be  the  public  advantage  of  obtaining 
from  the  pool  a  longer  continued  and  larger  aggregate  production. 
Such  a  form  of  royalty  would  therefore  be  most  conducive  to  con- 
servation, in  the  benefits  of  which  land  owner,  operator,  and  consumer 
would  all  share. 

All  these  variations  in  the  terms  of  the  leasehold  are  simply  methods 
of  attaining  a  division  of  profit  between  owner  and  operator ;  that 
is,  they  have  one  and  the  same  object:  namely,  the  equitable  divi- 
sion of  the  value  of  a  resource  as  it  is  being  developed.  They  all 
fail,  however,  of  attaining  their  object  in  whatever  degree  they  neg- 
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lect  to  take  into  account  all  the  elements  that  determine  and  limit 
the  ultimate  profits :  namely,  varying  cost,  varying  output,  and  vary- 
ing price.  Commonly  at  least  one  of  these  factors  is  either  omitted 
or  at  best  only  roughly  estimated  in  advance.  In  this  way  the  divi- 
sion actually  becomes  more  or  less  a  division  of  gross  receipts,  so 
that  it  logically  follows  that  a  better  result  should  be  secured  directly 
by  the  division  of  net  returns. 

Under  a  lease  of  this  ideal  type  the  return  to  the  land  owner  would 
be,  nort  a  royalty  either  fixed  in  amount  or  even  variable  with  both 
quantity  and  value  of  product,  but  instead  a  royalty  defined  in  terms 
of  a  fractional  interest  on  the  part  of  the  land  owner  in  the  net  re- 
turns of  the  operation.  This,  in  short,  would  be  a  partnership  similar 
to  cropping  on  shares  by  a  farm  tenant.  If  the  operation  produced 
negative  results  the  operator,  as  the  one  more  directly  responsible, 
should  probably  bear  the  whole  monetary  loss,  the  land  owner  on  hi^ 
side  having  lost  his  share  in  a  possible  value  of  the  resource  under 
other  management.  It  would  seem  also  to  follow  that  in  this  type 
of  lease  the  fixing  of  a  time  limit  would  become  unnecessary.  Changiog 
conditions,  whether  physical  or  social,  need  be  neither  predicted  nor 
discounted  to  preserve  the  equities  of  either  party,  so  that  the  lease 
could  be  indeterminate  in  form,  its  life  being  dependent  upon  only 
the  permanence  of  the  resource  or  of  the  market  for  the  product 

Two  objections  to  the  practicability  of  this  method  will  at  once 
be  suggested.  First,  the  difficulty  in  the  land  owner  controlling  the 
efficiency  and  economy  of  the  operation.  He  has,  however,  two 
means  of  influence :  the  one  direct,  namely,  his  choice  of  the  lessee, 
and  the  other  indirect,  namely,  the  fact  that  the  owner's  returns  and 
the  operator's  returns  will  be  proportionate,  so  that  it  is  to  the  oper- 
ator's interest,  as  well  as  to  the  owner's  interest,  to  obtain  the  largest 
possible  net  returns.  The  second  objection,  which  has  a  larger  basis  in 
fact,  is  the  difficulty  of  insuring  both  an  honest  and  an  accurate  account- 
ing.' Here,  however,  the  only  answer  is  one  based  upon  an  opti- 
mistic outlook  on  present  tendencies  in  business.  The  trend  is 
unmistakably  toward  uniform  and  public  accounting.  The  require- 
ment of  open  accounts  in  whicn  well-recognized  methods  of  account- 
ing must  be  adopted  will  prevent  in  large  measure  not  only  any 
misrepresentation  to  the  land  owner  but  also — what  is  equally  im- 
portant— the  imposing  on  the  consumer  of  a  price  involving  an  over- 


'  Veatch  reports  that  in  South  Australia  where  a  royalty  of  2.5  per  cent  on  net  profits 
has  been  in  effect  in  leases  for  half  a  century,  the  practical  difficulty  of  ascertaining  net 
profits  is  regarded  as  insurmountable.  Bulletin.  No,  505,  U.  S.  Oedogietd  Survey^  p.  62 
(1912). 
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large  profit  to  the  two  partners,  the  landlord  and  the  operator.  Such 
an  element  of  possible  graft  as  fattening  the  pay  roll  with  inefficient 
and  overpaid  officials,  perhaps  related  to  the  operator,  could  be  pre- 
vented by  conditions  in  the  lease.  Inasmuch  as  the  operator's  equita- 
ble share  of  the  returns  commonly  would  be  by  far  the  larger  share, 
the  inducement  to  this  form  of  petty  graft  would  not  be  so  great  in 
practice  as  would  at  first  glance  appear  likely. 

Thus  far  the  landlord  considered  has  been  the  private  or  corporate 
land  owner.  If  the  government  is  the  landlord  other  factors  enter 
into  the  problem,  without,  however,  affecting  the  force  or  applicability 
of  the  principles  already  set  down.  Here  the  government,  as  the 
lessor,  is  acting  in  a  dual  capacity :  namely,  that  of  landlord  and  that 
of  representative  of  the  consumer.  The  larger  public  interest  in  the 
lease  may  thus  relate  to  beneficial  control  of  operation  and  production 
rather  than  to  the  revenue  involved  in  the  operation  under  the  lease. 
The  sharing  between  the  owner  and  operator  of  the  ultimate  value  of 
the  resource  developed  has  as  its  purpose  the  increasing  of  the  ulti- 
mate return  to  the  public,  which  may  come  in  one  of  two  ways, 
directly  by  increasing  the  royalty  or  indirectly  by  keeping  down  the 
price  to  the  consumer.  In  certain  cases,  moreover,  a  low  royalty 
rate,  with  low  price,  might  stimulate  consumption  to  so  great  an  ex- 
tent that  it  would  yield  an  aggregate  larger  royalty  than  would  result 
from  a  higher  rate,  thus  giving  a  double  benefit  to  the  public. 

The  difficulties  attending  a  valuation  of  government  land  for  sale 
largely  arise  from  the  fact  that  the  government  has  this  double  role. 
As  the  representative  of  the  people  the  administrative  officer  hesi- 
tates to  put  so  high  a  valuation  upon  the  resource  as  to  hinder  its 
development  or  directly  affect  the  cost  and  selling  price  of  the  prod- 
uct. Thus  in  the  valuation  of  public  coal  lands,  for  instance,  every 
element  of  uncertainty  is  resolved  by  the  official  representatives  of 
the  public  in  favor  of  the  prospective  buyer.  Under  leasehold  these 
uncertainties  as  regards  quantity  of  resource  would  disappear,  for  the 
royalty  is  paid  only  as  the  resource  is  developed.  If  the  royalty  be 
made  to  vary  with  net  returns  from  the  operation,  so  that  the  charge 
is  determined  as  the  result  of  actual  division  of  profit,  it  will  follow 
that  the  public,  in  its  capacity  as  landlord,  will  get  back  a  propor- 
tionate part  of  whatever  it,  in  its  capacity  as  consumer,  pays  for  the 
product  over  and  above  the  actual  cost.  In  this  sense  the  develop- 
ment of  the  natural  resource  will  be  put  on  a  purely  co-operative 
basis. 

In  the  recently  approved  permit  for  the  utilization  of  water  power 
on  Pend  d'Oreille  river  or  Clark  fork  of  the   Columbia,  the  use  of 
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Federal  lands  is  conditioned  upon  prompt  construction  and  installa- 
tion, with  no  charge  during  the  period  of  development  of  works  and 
of  market.  After  10  years  the  rate  of  compensation  to  the  govern- 
ment varies  inversely  as  the  square  of  the  proportional  development 
of  the  site  and  directly  as  the  square  of  the  average  price  charged 
for  electric  energy  to  both  customers  and  consumers.  While  protec- 
tion of  the  ultimate  consumer  is  the  purpose  of  these  terms,  the 
return  to  the  government,  as  will  be  seen,  is  determined  by  the 
receipts  of  the  operator.  Furthermore,  since  operating  costs  doubt- 
less vary  within  a  smaller  range  than  selling  prices,  this  royalty, 
which  varies  with  the  square  of  the  average  price,  becomes  one  based 
more  nearly  upon  net  profits  than  upon  gross  receipts. 

As  applied  to  the  development  of  any  natural  resource  belonging 
to'  the  people  the  practical  effect  of  a  leasehold  plan  wherein  the 
royalty  would  be  a  certain  proportion  of  net  returns  resulting  from 
the  development  of  each  particular  resource  will  be  threefold :  1.  A 
certain  part  of  the  element  of  risk  will  be  eliminated,  thereby  making 
possible  a  lower  factor  of  safety  in  the  operation  finances,  so  that  the 
cost  can  be  reduced,  to  the  possible  benefit  of  the  consumer;  at 
least  there  will  be  one  less  reason  for  excessively  high  prices  to  the 
consumer.  2.  Any  false  excuse  for  exorbitant  prices  to  the  consumer 
will  be  prevented  by  open  books.  3.  An  equitable  sharing  of  profit 
between  the  owner  and  the  developer  of  the  resource  will  be  possible 
because,  with  the  relative  equities  between  these  two  partners  deter- 
mined, that  division  of  profits  will  be  applied  directly  to  actual 
returns  rather  than  to  estimates  representing  long-range  predictions 
or  only  partial  determinations. 

The  present-day  tendency  is  to  recognize  more  and  more  the 
public-service  nature  of  great  industrial  developments.  Govern- 
mental regulation  is  not  only  an  accomplished  fact  in  intraurban  as 
well  as  interstate  transportation  but  is  rapidly  becoming  a  realized 
ideal  in  the  conduct  of  other  corporate  business  the  products  of 
which  constitute  the  necessities  of  life.  Thus  the  combination  of 
public  ownership  and  private  operation  in  the  utilization  of  natural 
resources,  such  as  the  great  supplies  of  mineral  fuels  and  fertilizers 
or  of  timber  or  of  water  power  remaining  in  public  ownership,  may 
be  regarded  as  simply  a  logical  phase  of  present-day  progress.  With 
the  government  as  a  partner,  possessing  a  common  interest  in  the 
profits  of  development,  the  individual  or  corporate  operator  should 
expect  sympathetic  co-operation  and  a  minimum  of  administrative 
supervision,  with  its  attendant  evils  of  unnecessary  overhead  charges 
and  costly  delays.  We  might  even  attain  that  ideal  of  production 
which  accomplishes  the  lowering  of  prices  by  keeping  down  costs. 
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The  Substitution  of  Air  for  Water  in  Diamond  Drilling. 

BY  BALPH  WIIXX>X,   MIAMI,   ABIZ. 
(Butte  Meeting,  August,  1918.) 

The  diamond  drilling  of  certain  characters  of  unstable  rock  forma- 
tion, as,  for  example,  the  copper-bearing  schists  of  the  Miami  district 
in  Arizona,  is  rendered  most  difficult  by  what  is  known  as  "  caving  " 
of  the  sides  of  the  drill  holes.  As  this  caving  is  very  greatly  in- 
creased by  the  action  of  flowiug  water,  it  occurred  to  me,  after  experi- 
encing a  great  deal  of  difficulty  with  caving  in  diamond-drill  holes 
which  I  was  drilling  for  the  Miami  Copper  Co.,  that  if  I  could  substi- 
tute air  for  water,  much  of  the  caving — with  resultant  difficulties, 
such  as  decreased  speed  of  sinking  and  increased  consumption  of 
diamonds — ^would  be  overcome. 

After  some  experimenting,  I  found  that  it  was  perfectly  practicable 
to  substitute  air  for  the  water;  forcing  the  air  down  the  hollow 
rotating  rods  in  the  same  manner  as  is  done  with  water,  the  air  pass- 
ing out  around  the  bit,  which  is  thus  cooled,  and  ascending  on  the  out- 
side of  the  rods  to  the  collar  of  the  hole,  carrying  the  borings  in  just  as 
satisfactory  a  manner  as  had  been  done  by  the  water,  but  without  the 
accompanying  destruction  or  caving  of  the  sides  of  the  drill  holes 
such  as  had  been  so  generally  experienced  with  the  water.  When 
water  was  encountered  in  the  drilling  this  water  was  forced  up  to 
the  collar  just  as  it  would  have  been  had  water  been  used  in  the 
drilling,  but  with  the  correspondingly  decreased  flow  there  was  relar 
tively  less  washing  or  caving  of  the  sides  of  the  drill  holes. 

The  only  change  necessary  in  the  arrangement  of  the  drill  is  that 
a  cross  instead  of  a  tee  is  used  at  the  collar  of  the  hole.  A  tightly 
woven  jute  bag  is  attached  to  one  arm  of  the  cross,  for  collect- 
ing and  filtering  the  sample;  and  when  drilling  in  dry  ground  a 
jet  of  water  is  attached  to  the  opposite  arm  of  the  cross,  to  collect 
the  dust  and  wash  down  the  sample  into  the  bag.  The  rods  rotate 
through  a  stuffing  box  attached  to  the  upper  opening  of  the  cross.  The 
distention  of  the  jute  bag  by  the  issuing  air  indicates  the  operating  con- 
ditions as  sufficiently  as  did  the  flow  of  water  when  using  water  in  the 
drill  hole. 

The  small  percentage  of  core  recovery  rendered  it  necessray  to 
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rely  almost  entirely  upon  sludge  samples.  Great  care  was  taken 
in  recovering  these  samples,  which  were  all  weighed  to  detect  the 
presence  of  caving.  A  winze  has  lately  been  completed  which  was 
sunk  on  one  of  the  drill  holes  for  the  purpose  of  checking  the 
sludge  samples ;  the  samples  from  the  winze  and  the  samples  obtabed 
in  the  drill  hole  checked  accurately. 

The  experience  at  Miami  in  the  use  of  air  has  extended  over  six 
months  and  has  shown  that  the  refrigerating  action  of  the  air  in 
expanding  around  the  bit  is  effective  in  cooling  the  bit  and  the 
diamond  consumption  has  not  increased ;  it  has  not  been  found  neces- 
sary to  decrease  the  speed  of  rotation  of  the  bit.  The  difficulties 
of  operating  in  the  friable  copper-bearing  schist  have  been  de- 
creased fully  75  per  cent,  by  the  use  of  air,  and  the  sample  weights 
and  the  results  of  sampling  checked  perfectly.  There  is  no  indica- 
tion as  to  whether  one  would  be  limited  as  to  depth  in  dry  hole?; 
our  greatest  required  depth  was  about  300  ft. 

Tests  as  to  amount  of  air  used  showed  a  maximum  consumption  of 
82  cu.  ft.  of  free  air  per  minute,  while  the  least  with  which  operating 
was  practicable  was  28  cu.  ft.  of  free  air  per  minute.  The  average 
used  during  the  several  tests  was  47  cu.  ft.  of  free  air  per 
minute,  at  75  lb.  pressure.  A  No.  1  Excelsior  meter  was  used  for 
these  measurements,  the  meter  being  tested  before  and  after  mak- 
ing the  measurements. 

Apart  from  affording  much  relief  in  diamond  drilling  of  friable  rock 
such  as  above  referred  to, — probably  the  worst  in  which  diamond 
drilling  has  ever  been  done, — there  arises  the  possibility  of  drilling  in 
regions  where  a  scarcity  of  water  would  otherwise  prevent  operating. 
Drilling  in  these  regions  could  be  accomplished  by  the  use  of  a  port- 
able compressor  driven  by  a  gasoline  engine,  which  is  another  not 
inconsiderable  advantage  which  the  use  of  air  instead  of  w^ater  in  dia- 
mond drilling  offers. 


TRANSACTIONS  OF  THE  AMBRICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[BUBJaCT  TO  BEVIBION.3 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMnted  in  peiflon  at  a 
meeting  of  the  Institate.  If  this  is  impoisible,  then  discosslon  in  writing  may  be  sent  to  the  Editor, 
American  Institnte  of  Mining  Engineers,  29  west  89th  Street,  New  York,  N.  Y. 


The  Discovery  and  Opening  of  a  New  Phosphate   Field  in  the 

United  States. 

BT  CHARLES  OOLCOCK  JONBB,  liOS  ANOXLES,  CAL. 
(putte  Meetinc,  Augnst,  1918.) 

In  the  winter  of  1902,  while  occupying  the  position  of  mining  and 
examining  engineer  for  the  Mountain  Copper  Co.,  Ltd.,  of  Keswick, 
Cal.,  I  had  occasion  to  discuss  with  the  General  Manager,  among 
other  things,  the  question  of  the  enormous  waste  of  sulphur  in  smelt- 
ing cupriferous  pyrite  ore,  and  to  cast  about  for  means  to  utilize  this 
waste  or  to  render  the  fumes  innocuous  to  vegetation.  The  decreas- 
ing rate  of  production  of  California  farms,  the  consequent  need  of 
fertilizers,  and  the  opportunity  thus  offered  to  utilize  large  quantities 
of  sulphuric  acid  in  the  manufacture  of  superphosphates  naturally 
brought  the  subject  to  the  practical  and  commercial  side  of  phos- 
phates. 

I  was  informed  that  the  company  had  made  efforts  to  find  phos- 
phates in  the  West,  without  success.  I  advised  as  a  start  placing 
inquiries  for  phosphate  deposits  on  the  Pacific  coast  in  the  current 
mining  journals.  This  was  done,  with  the  result  that  in  January, 
1903,  from  an  advertisement  in  the  Mining  and  Scientific  Press  we  got 
track  of  a  deposit  in  Rich  county,  Utah,  through  T.  J.  Wilson,  of  the 
Southern  Pacific  railroad  in  San  Francisco. 

As  soon  as  snow  in  the  mountains  would  permit,  in  May,  1908, 
I  undertook  an  examination  of  the  property,  with  the  result  of  rec- 
ognizing the  importance  of  the  find,  in  spite  of  its  lack  of  facilities 
for  transportation  at  a  commercial  figure. 

On  June  15,  1903, 1  concluded  my  report  by  saying,  "This  may 
be  one  of  the  world's  deposits  of  phosphates."  On  Nov,  17, 1903, 1 
concluded  my  report  for  the  season  in  the  following  words  :  "  I  have 
now  no  hesitation  in  saying  that  I  believe  the  Carboniferous  forma- 
tion so  largely  developed  in  the  Wasatch  mountains  of  Utah  and  the 
mountains  of  the  Great  Basin  will  prove  to  be  one  of  the  greatest 
storehouses  of  phosphoric  acid  in  the  world." 

Mirly  History. 
In  the  summer  of  1897  R.  A.  Pidcock,  a  mail  carrier  of  Ogden, 
Utah,  while  on  a  prospecting  trip  camped  on  "  12  mile,"  a  branch  of 
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Woodruff  creek,  Rich  county,  Utah,  in  T.  8  N.,  R.  5  E.,  Salt  Lake 
Meridian.  Finding  some  old  workings  in  a  soft  black  formation  and 
believing  from  returns  on  certain  samples  that  he  had  a  gold  mine, 
he  and  others  took  up  a  number  of  claims  in  August  and  September, 
1897.  A  mining  excitement  of  the  usual  kind  ensued  and  a  large 
area  of  country  was  staked. 

0.  A.  Kennedy,  of  Ogden,  visited  the  camp  Oct  30, 1897,  and 
later  sent  samples  of  the  ore  (phosphate  rock)  to  the  U.  S.  Geological 
Survey  and  to  Prof.  J.  F.  Kemp,  of  Columbia  College,  requesting  an- 
alysis, but  no  returns  were  ever  received. 

The  principal  claims  were  incorporated  into  the  Alice  Mining  Co., 
which  during  1898  and  1899  did  considerable  development  work 
without  finding  any  more  gold  or  silver.  Finally  a  large  sample  was 
sent  to  Thomas  Price  &  Sons,  of  San  Francisco,  for  analysis  and 
treatment.  The  returns  showed  no  gold  or  silver,  but  revealed  the 
fact  that  the  material  was  phosphate  rock,  the  following  analysis 
being  made  by  that  firm  : 

Per  Cent. 

Phosphoric  acid 32.44 

Iron  and  alumina  oxides 1.52 

Iron  salphide 1.72 

Calcium  oxide 43.02 

Magnesium 0.83 

Carbon  dioxide 0.85 

Sulphur  trioxide 2.24 

Fluorine 1.36 

Organic  matter 5.83 

32.44  per  cent  phosphoric  acid  corresponds  to  70.18  per  cent  tricalcic  or  bone  phosphate. 

One  by  one  the  stockholders  dropped  out  until  Frank  Howe,  a 
mail  carrier  of  Ogden  and  one  of  the  original  locators,  was  the  sole 
owner  of  the  claims.  His  persistent  belief  in  the  value  of  the  prop- 
erty was  rewarded  by  the  sale  of  it  in  1903  to  the  agents  of  the 
Mountain  Copper  Co.,  Ltd.,  through  T.  J.  Wilson,  of  San  Francisco. 

Woodruff  Creek  Deposits^  Rich  County^  Utah. 

In  May,  1903,  accompanied  by  Frank  Howe,  the  owner,  I  exam- 
ined the  deposits  of  phosphate  rock  on  Woodruff  creek,  11  miles 
west  of  the  town  of  Woodruff  in  the  Bear  River  valley.  Evanston, 
Wyo.,  on  the  Union  Pacific,  24  miles  south  of  Woodruff,  is  the  near- 
est railroad  station. 

The  phosphate  formation  extends  for  about  2.5  miles  through  Sec- 
tions 16  and  9  and  into  Sections  21  and  4,  T.  8  N.,  R.  6  E.,  Salt  Lake 
Meridian,  and  dips  from  nearly  vertical  to  45*^  W.     No  geological 
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maps  of  this  region  ewere  availabl  except  in  the  atlas  of  the  Geologi- 
cal Exploration  of  the  Fortieth  Parallel^  by  Clarence  King,  and  this 
)ortion  was  mapped  as  the  Vermilion  Creek  formation,  of  Eocene 
ige.  The  formation  as  exposed  showed  dipping  to  the  west  a  great 
liickness  of  quartzite  with  underlying  limestones,  in  which  latter  the 
)hosphate  occurred  as  a  component  bed. 

The  unconformity  between  the  phosphate-bearing  formation  and 
he  Vermilion  Creek  was  apparent,  and  previous  to  the  finding  of 
listinctive  fossils  I  was  inclined  to  place  the  phosphate  in  the  Silu- 
•ian,  from  its  general  similarity  to  the  deposits  in  the  Bala  limestones 
)f  Wales  as  figured  by  Dr,  Penrose  in  Bulletin  No.  65  of  the  TJ.  S. 
jeological  Survey. 

An  examination  of  a  series  of  fossils  from  the  apparently  underly- 
ng  limestones  by  Dr.  G.  H.  Girty  proved  the  formation  to  be  Upper 
;)arboniferou8.  On  Aug.  28, 1903,  the  U.  S.  Geological  Survey  wrote 
ne  as  follows : 

DlTARTMEirr  OF  THE  InTEBIOB, 

UNrrKB  States  Geological  Survet, 

Washington,  D.  C. 

August  28,  1903. 
it.  Charles  Goloock  Jones, 

Box  393,  Ogden,  Utah. 
lir: 

Your  letter  with  acoompanying  specimens  has  been  referred  to  Dr.  G.  H.  Girtj  of  this 
iorrej,  who  submits  the  following  report : 

''The  fossils  sent  in  by  Mr.  Jones  prove  to  belong  in  the  late  upper  Carboniferous  and  not, 
8 was  supposed,  in  the  Silurian.  The  following  species  are  identified:  Stenopora  «p., 
Wueftts  «p.,  Spir^erinaptdchraf  and  SenUnula  aubtilUa.  The  horizon  is  that  called  upper 
!oal  Measures  in  the  section  of  the  Wasatch  Mountains  established  by  the  U.  S.  Geological 
mrej  of  the  40th  paralleL  It  occurs  above  the  Weber  quartzite  and  below  the  Permo- 
iarbooiferous  as  defined  by  that  organization.'* 

As  the  foeeiJs  prove  to  be  interesting  and  rather  better  preserved  than  usual,  you  would 
snfer  an  obligation  on  us  by  furnishing  the  locality  where  they  were  found,  and,  if  possi- 
le,  by  sending  more  material  from  the  same  beds,  for  which  franks  are  enclosed. 

Very  respectfully, 
(Signed)     H.  C.  Rizcb, 

Acting  Director. 

Here  was  a  confusion  in  the  very  beginning.  The  error  in  map- 
ing  the  Vermilion  was  understandable  by  reason  of  the  immense 
erritorj  sought  to  be  covered  in  a  short  space  of  time  by  the  Survey 
f  the  40th  Parallel  and  the  comparatively  small  and  isolated  area 
ttvolved,  bnt  the  position  of  the  fossils  in  a  horizon  above  the  Weber 
juartzite,  but  really  lying  in  present  position  under  it,  was  not 
learly  worked  out  until  the  following  year.  This  will  be  gone  into 
Iter  in  discussing  the  relations  of  several  of  the  deposits. 
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The  valley  of  Bear  river  follows  the  line  between  Utah  and  Wyo- 
ming,  with  the  river  flowing  north,  and  has  an  elevation  at  Evans- 
ton,  Wyo.,  of  6,755  ft.  A.  T.  and  at  Woodruff,  Utah,  of  6,450  ft.  A.  T. 
It  is  an  old  Eocene  basin,  and  going  west  from  Woodruff  up  Wood- 
ruff oreek  the  foothills  are  made  up  of  Tertiary  strata,  lying  flat  or 
dipping  very  slightly,  composed  of  soft  red  and  white  sandstones  and 
conglomerates  designated  by  the  Survey  as  the  Vermilion  Creek 
formation. 

On  a  general  north  and  south  line  through  Townships  7  and  8  X., 
R.  5  E.,  8.  L.  M.,  the  Tertiary  strata  are  found  to  lie  uncomformablT 
on.  the  Upper  Carboniferous,  which  latter  in  the  process  of  mountain 
building  has  experienced  an  overturning  of  the  strata.  Fig.  1  is  a 
general  section. 

In  addition  to  work  done  by  Howe  and  associates  in  Section  16  an 
incline  pit  20  ft.  in  depth  had  been  sunk  long  previous  on  what  was 
thought  to  be  either  an  oil  shale  or  coal  blossom  in  Section  4. 

From  the  imperfect  openings  available  at  the  time  the  following  is 
a  general  section  of  the  phosphate  formation,  beginning  at  east  side 
and  going  west : 

Limestone,  comparatively  pure. 
Chertj  limestone  and  layers  of  black  chert. 

Principal  bed  of  hard  black  oolitic  phosphate,  4  ft.,  66  to  78  per  rent,  bone  phosphate. 
30  ft.  of  intercalated  black  limestones  and  carbonaceous  phosphatic  shale,  19  to  4oper 
cent,  bone  phosphate. 
300  ft.  heavy  bedded  crystalline  limestones. 
Qnartite. 

The  higher-grade  phosphate  occurs  as  brownish  black  oolitic  strati- 
fied rock  with  a  highly  fetid  odor,  the  oolitic  structure  being  very 
regular  and  with  only  a  minimum  amount  of  interstitial  matter.  The 
rock  weathers  readily  to  individual  grains,  ej^cept  a  few  layers  of 
hard  oolitic  phosphate. 

Further  search  failed  to  find  the  phosphate  formation  immediatoly 
north  or  south  of  the  2.5  miles  spoken  of  on  Woodruff  creek  and  trip 
were  taken  in  several  directions. 

A  careful  study  of  Hayden's  Report  of  1871  and  the  text  of  the  40th 
Parallel  Survey  by  Clarence  King  caused  me  to  examine  the  Ogdeu 
and  Echo  Canon  regions.  The  remarkable  Z  contortion  in  the  Lower 
Carboniferous  limestones  spoken  of  by  these  writers  consists  of  a  series 
of  black  limestones  and  shales  16  ft.  or  more  in  thickness  bearing  from 
2  to  24  per  cent,  lime  phosphate,  with  a  1-in.  black  oolitic  band  car- 
rying 48  per  cent,  lime  phosphate. 

A  like  occurrence  of  this  same  horizon  will  also  be  found  in  a  caiion 
several  miles  south  of  Logan,  Utah.     There  is  nothing  commercially 
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valuable  about  it,  but  it  has  great  significance  as  being  the  earliest 
occurrence  of  oolitic  bedded  phosphate  I  have  been  able  to  find  from 
the  Cambrian  to  the  Carboniferous,  and  may  have  had  some  influence, 
by  the  degradation  of  large  areas,  in  forming  the  later  deposits,  or  ii 
not  that,  bearing  to  an  extent  on  the  subject  of  the  origin  of  the  de- 
posits  as  governed  by  the  bathrymetric  conditions  prevailing  at  the 
time  of  the  Upper  and  Lower  Carboniferous  limestones,  separated  bv 
the  great  thickness  of  the  Weber  quartzite. 

In  August,  1903,  I  learned  of  work  being  done  near  the  town  of 
Montpelier,  Bear  Lake  county,  Idaho,  for  coal,  and  upon  visiting  the 
locality  I  found  an  incline  shaft  260  ft.  deep  had  been  sunk  by  T.  L 
Glenn  and  associates  in  the  geologically  lower  black  shaly  lim^ 
stone  strata  of  the  phosphate  formation.  Summarizing  the  matter 
from  a  large  amount  of  exploration  covering  this  and  the  succeeding 
year,  the  following  are  the  conditions  and  conclusions :  The  phosphate 
formation  is  exposed  in  Montpelier  canon  3  miles  east  of  the  town  for 
a  distance  of  1  mile  south  in  Sections  6  and  7,  T.  13  S.,  R.  45  E., 
B.  M.,  and  2  miles  north  in  Sections  30  and  31,  T.  12  S.,  R.  45  E., 
B.  M. 

The  strata  composing  the  entire  mountain  just  north  and  south  (»f 
the  canon  occupy  an  inverted  position,  with  the  geologically  upper 
rich  bed  of  phosphate  lying  at  the  bottom,  and  the  mountain  at  thij- 
point  represents  a  part  of  an  immense  reverse  fold.  The  strata  strike 
in  a  general  north  and  south  direction,  with  a  dip  to  the  west  of  from 
20°  to  40°.  A  feature  which  has  already  confused  geologists  and 
engineers  is  the  occurrence  at  Montpelier  canon  of  a  thick  bed  of 
cherty  limestone  both  above  and  below  the  phosphate  formation, 
bearing  the  same  set  of  fossils.  In  its  normal  position  the  most  re- 
markable bed  of  chert  and  cherty  limestone  lies  geologically  above 
the  phosphate  and  serves  as  a  means  of  solving  some  of  the  problems 
encountered  in  searching  for  and  placing  the  phosphate  formation, 
entirely  aside  from  the  co-ordinating  of  like  phosphate  members  of 
beds  at  widely  separated  points.  This  peculiarity  is  emphasized  bv 
the  absence  of  any  distinctive  quartzite  or  indurated  sandstone  bed 
comparable  to  the  Weber  quartzite,  the  place  of  which  seems  to  be 
taken  by  the  cherty  lime  and  shale  beds  at  the  mouth  of  the  canon, 
although  a  mile  further  north  the  quartzite  is  again  in  evidence  1,000 
ft.  thick. 

The  following  replies  to  my  letters  to  the  Director  of  the  U.  S. 
Geological  Survey  are  of  interest  and  show  the  ready  assistance 
afforded  by  the  Survey  in  pursuing  my  investigations : 
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Bbpabtms^  of  thb  Interior, 

United  States  Geological  Survey, 

Washikoton,  D.  C. 

Nov.  6,  1903. 
Mr.  Charles  Coloock  Jones, 

Ogden,  Utah. 
Dear  Sir: 

Your  letter  of  October  12  and  acoompanjing  specimens  were  referred  to  Mr.  C.  H.  Girty 

of  this  Survey,  who  makes  the  following  report : 

''The  fossils  from  near  Montpelier,  Idaho  (lot  2),  sent  in  by  Mr.  Jones  are  unquestion- 
ably Upper  Carboniferous ;  and  while  it  is  perhaps  hazardous  in  the  present  state  of  our 
knowledge  to  go  beyond  this  statement,  I  believe  that  their  horizon  is  quite  well  up  toward 
the  Permian.  It  is  perhaps  not  very  far  from  that  of  the  fossils  from  Woodruff  Creek, 
though  the  two  faunas  have  little  in  common.  The  bodies  shown  in  lot  3  are  in  my  opin- 
ion not  fossils,  but  concretions  or  segregations  of  some  sort" 

We  thank  jou  for  the  additional  fossils  from  Woodruff  Creek,  and  would  be  glad  to 
obtain  some  more  of  the  material  from  Montpelier,  which  is  of  considerable  interest.  In 
case  you  have  any  to  spare,  some  franks  are  enclosed  herewith. 

Very  respectfully, 

(Signed)  Cha&  D.  Walcott, 

Director. 

Departmrzit  of  the  Imtbrior, 
United  States  Geological  Survey, 

Washington,  D.  C. 

May  27th,  1904. 
Mr.  Charles  Colcock  Jones, 

Montpelier,  Idaho. 
Dear  Sir : 

Your  letter  of  May  20th  and  accompanying  fossils  have  been  received,  and  referred  to 

Mr.  G.  H.  Girty,  who  submits  the  following  report  upon  them  : 

"  The  f oasils  from  Idaho  sent  by  Mr.  C  C.  Jones  unfortunately  are  new,  or  little  known 
forms,  so  that  it  is  possible  in  most  cases  only  to  point  out  the  species  to  which  they  are 
allied,  rather  than  to  make  a  precise  identification.  The  following  types  have  been  dis- 
criminated : 

Lot  No.  1. 

Chonetes,  near  C.  Geinitzanns  Waagen  and  C  permianus  Shumard. 
Prodnctus  nevadensis  Meek  ? 
Omphalotrochus  ?  obtusispira  Shumard  ? 

Lot  No.  ^. 

Chonetes,  near  C  Geinitzanus  Waagen  and  C.  permianus  Shumard. 

Prodnctus  n.  sp.,  near  P.  aagardi  Toula. 

Pugnas  n.  sp.  near  P.  kayseri  Tschemyschew. 

Squamularia  n.  sp. 

Schizodns  sp.  indet. 

Omphalotrochus?  obtusispira? 

Omphalotrochus?  sp.,  near  the  foregoing. 

*'  The  two  lots  have  essentially  the  same  fauna,  and  the  horizon  is  without  much  doubt 
high  in  the  Upper  Carboniferous— probably  not  Permian,  though  not  far  below  it. 

**  The  specimen  of  Lot  No.  1  marked  ^'  A"  is  a  Prodnctus  of  the  punctatu8  type.  It  is 
80  imperfect  that  it  can  not  be  identified  with  certainty,  but  other  better  preserved  exam- 
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pies  from  the  same  place  indicate  that  its  charaoten  are  more  like  Meek's  species  of  the 
same  groap,  P.  neoadensis. 

**  The  specimen  resembling  calcified  wood,  from  Lot  No.  2,  is  probably  inorganic— a  fi- 
brous, or  rather  columnar,  foro^  of  calcite.  Calcified  wood  is  rare,  and  this  specimen  hat 
not  the  woodj  structure. 

'^Flints  and  cherts  have  in  many  cases  been  shown  to  be  derived  from  the  silioeoos 
skeletons  of  sponges,  partly  in  their  organic  shapes,  and  partly  dissolved  and  redeposited. 
The  first  hypothesis  therefore,  would  be  that  the  cherts  mentioned  by  Mr.  Jones  haTe  a 
similar  origin,  even  if  no  spicules  can  be  detected.  Cherts  are,  however,  sometimes  qoitie 
secondary  in  their  origin,  and  result  from  comparatively  recent  replacements. 

"  It  would  be  hazardous  to  venture  any  definite  opinion  about  the  bathymetric  condi- 
tions prevailing  at  the  time  these  fossils  existed.  It  is  probable  that  the  conditions  were 
not  those  of  a  shore  deposit  nor,  on  the  other  hand,  of  the  deep  sea.  I  should  judge  that 
the  waters  were  rather  shallow  or  of  moderate  depth. 

* '  It  is  asked  that  you  will  convey  to  Mr.  Jones  an  expression  of  thanks  for  this  ooUee* 
tion  of  fossils,  which  was  sent  in  response  to  a  request  originating  with  me." 

Very  respectfully, 

(Signed)        H.  O.  Bizes, 
Acting  Director, 

Depabtkent  of  the  Interiob, 
United  States  Geolooigal  Survey, 
Washinoton,  D.  C. 

August  23rd,  1904. 
Mr.  Charles  Colcock  Jones, 

6th  East  Hotel, 

Salt  Lake  City,  Utah. 
Sir: 

The  specimens  accompanying  your  letter  of  August  5th  were  referred  to  Mr.  G.  H. 

Girty,  who  reports  as  follows  : 

**  A  fossil  bearing  rock  in  Lot  1  contains  several  specimens  of  Chonetes,  probably  rela- 
tive to  C.  Geinitzianus  and  C.  Permianus.  They  probably  indicate  the  Permian  or  Penno- 
Carboniferous  age  of  the  rocks  in  which  they  occur.  The  few  impressions  of  fossils  in  Lot 
2  can  not  be  determined.  It  seems  probable  that  the  phosphatic  nodules  and  graini 
(oolitic)  are  segregations,  contemporaneous  with  the  material  in  which  they  are  eodoeed^ 
and  not  a  later  enrichment  of  the  rock.'* 

Very  respectfully, 

(Signed)        H.  a  Rizeb, 

ChirfCUrk. 

The  fossils  identified  in  letter  of  May  27  are  all  from  the  underly- 
ing and  overlying  cherty  limestones  and  intercalated  lime  beds  of  the 
phosphate  formation. 

The  fossil-bearing  rock  mentioned  in  Lot  1  of  letter  of  Aug.  23, 
1904,  comes  from  the  top  of  the  series  in  the  chert  member. 

At  Montpelier  canon  the  phosphate  formation  occupies  a  position 
as  a  component  series  of  strata  in  the  general  lime  measures  forming 
the  Upper  Carboniferous  lying  above  the  Weber  quartzite.  Fi^.  2  is 
a  general  cross-section  at  this  point,  and  Figs.  3,  4,  and  6  are  views 
showing  the  character  of  the  formation. 

At  the  bottom  geologically  it  consists  of  a  series  of  black  phos- 
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[G.  3. — Face    of   Tukhki.    Soutk   of       Fio.  4.-~Pbo9puatic  Limbs  ahd  Shales, 
MosTFEUKB  Ckesk,  Showiho  Blocky  Mouth  or  Montpelieb  CaRoh,  Show- 

Phosphate  AT  Btnrou.  ma  Lime  CoNCfurrioH. 


Kio.  5. — Odtcrop  op  6-pt.  Bed  of  Phosphate,  Montpblieb,  Idaho. 
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phatic  mud  beds,  black  or  brown  phosphatic  shaly  limes,  lime  con- 
cretions, and  more  or  less  pure  beds  of  limestone,  about  60  ft.  in 
thickness,  containing  from  10  to  58  per  cent,  bone  phosphate  of  lime, 
the  amount  of  phosphoric  acid  in  any  one  bed  seeming  to  be  subject 
to  rapid  changes  in  a  short  distance.  A  large  part  of  this  measure 
will  undoubtedly  be  found  capable  of  concentration  when  needed. 
Sharply  divided  from  this  lower  member  by  a  band  20  in.  thick  o! 
hard  black  limestone,  at  places  very  full  of  omphalotrochus  shell  ca^ts 
and  other  fossils,  comes  the  top  and  commercially  workable  layer  of 
phosphate  rock,  5  ft.  6  in.  in  thickness.  This  bed  is  made  up  of  two 
members,  a  lower  (geologically)  shaly  member  averaging  2  ft.  in 
thickness,  separated  by  a  thin  shaly  mud  seam,  exactly  similar  to  a 
slate  parting  in  a  coal  bed,  from  the  upper,  harder,  more  blocky 
phosphate  of  an  average  thickness  of  3  ft.  The  whole  bed  can  k 
classed  generally  as  a  black  oolitic  phosphate  very  much  of  the  ap- 
pearance of  the  bedded  black  phosphate  of  Tennessee,  and  averages 
70  per  cent,  bone  phosphate.  The  fossils  are  from  the  intercalated 
limestones  in  the  phosphate  formation.  In  only  one  instance  have  I 
found  a  shell  directly  in  the  phosphate  bed  proper  and  that  at  Coke- 
ville,  Wyo. 

From  developments  at  the  Hot  Springs  on  Bear  lake,  15  mite 
south,  and  Thomas  fork,  15  miles  east,  and  at  Cokeville,  20  mile? 
southeast  of  the  Montpelier  deposit,  the  workalJle  bed  described  above 
has  held  its  character  and  relative  position  with  a  definiteness  similar 
to  a  coal  bed  over  such  an  area,  especially  as  regards  the  parting.  Id 
other  parts  of  the  field  its  changes  are  only  of  such  a  nature  as  would 
be  expected  in  a  coal  bed  of  a  like  area.  I  draw  the  comparison  at 
this  point  to  emphasize  certain  ideas  I  shall  advance  later  as  to  its 
mode  of  formation  and  origin. 

The  next  determination  of  the  bed  was  made  by  me  in  the  summer 
of  1904  near  Rich's  Hot  Springs  in  Section  18,  T.  16  S.,  R.  44  L 
B.  M.     Fig.  6  is  a  general  cross-section  at  this  point 

Again  we  find  the  strata  in  an  inverted  position,  a  point  I  will  take 
up  after  the  description  of  several  further  deposits.  As  will  be  seen 
from  the  detailed  section,  the  workable  bed  is  slightly  different  from 
that  at  Montpelier  and  the  richest  bed  yet  found  in  the  field  occurs 
as  a  separate  one,  18  to  22  in.  in  width,  composed  of  hard  black 
oolitic  phosphate  with  a  layer  of  curious  saucer  or  disk  shaped  ecu- 
cretions,  all  high-grade  phosphate. 

The  formation  has  been  traced  through  Sections  13,  12  and  1,  T. 
15  S.,  R.  45  E.,  and  Sections  36  and  25,  T.  14  S.,  R.  45  E.,  Boise 
Meridian,  outcropping  nearly  north  and  south,  with  a  dip  to  the  west 
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of  45°  to  70",      The  black  chert  bed  forms  a  prominent  feature, 
standing  up  hke  a  dike  for  3  miles,  Fig,  7. 

At  the  north  end  in  Section  25  the  followng  appears  to  be  the 
section,  beginning  at  the  bottom,  geolo^cally,  on  the  eaet  side : 

Booe  Pbtapluto. 

Chertf  Ucaebed 100  +  ft.  

Nodulkr  phosphate 2  in.  

Lime 15  ft.  

CoDcretiooarj  oolitic  phoBphkte 16  in.  78.00 

lime  with  thin  buidB  of  oiilitic  phosphate. 4  ft.  3  in.  

Gray  oolitic  phosphate _ 4  ft.  6  in.  62.40 

Gray  oolitic  phosphate „ 3  ft  6  in.  72.80 

Farting  shale 15  in.  

OSlitic  phosphate 2  ft.  6  in.  59.25 

Black  cartKMiaceoua  shales 8  +  ft  50.75 


Fio.  7. — Chert  Ledok  at  Rich's  Hot  Bpbinos,  Idaso. 

This  itt  the  first  exposure  south  of  Montpelier  canon,  and  while  dif- 
fering somewhat  from  either  the  Montpelier  section  or  the  Hot  Sprintrs 
section,  the  relative  position  of  the  workable  bed  at  the  top  of  the 
aeries  is  the  same. 

In  November,  1903,  Frank  Howe  discovered  the  phosphate  forma- 
tion north  of  Croyden  Station  in  Section  4,  T.  4  N.,  R.  3  E.,  S.  L.  JI. 
Upon  examination  I  found  that  it  corresponded  in  position  with  the 
Woodruff  Creek  and  Montpelier  depositi;.  The  geology  of  this  sec- 
tion is  well  defined  by  the  Survey  of  the  40th  Parallel.     At  the  point 
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of  discovery  the  formation  strikes  N.  70°  E.  and  stands  vertical  or 
dipping  to  the  northeast.  The  openings  showed  a  considerable  width 
of  material  running  from  20  to  56  per  cent,  bone  phosphate  with 
intercalated  lime  ledges.  In  the  spring  of  1904 1  discovered  in  Section 
34,  T.  4  N.,  R.  3  E.,  S.L.M.,  the  south  extension  of  the  formation  1  mile 
south  of  the  Union  Pacific  railway  and  followed  it  between  the  two 
points  at  the  Weber  river  and  on  Dry  creek. 

The  following  is  a  section  in  N.  E.  J  of  Section  34,  T.  4  N.,  R.  3  E., 
S.L.M.,  beginning  at  bottom  and  rising  in  the  geological  scale ;  strike 
X.  50°  E.;  dip  45°  SE.  : 

Weber  qoartzite 5,000  ft.;  King. 

Chertjr  lime. 220  ft. 

Ph<«ph.U,  opening 7  ft.  4  in.  {  ^'S^pt.^h',j:°*- 

Covered  with  lime  debris 40  ft. 

Tellow  phosphatic  limes 38  ft. 

Cherty  limestones 11  ft 

Coyered  with  lime  debris. 92  ft. 

Hard  cherty  lime 61ft. 

Thin-bedded  shaly  limes  with  thin  bands  of 

haid  siliceous  phosphate 23  ft 

Hard  black  phosphate  containing  nodales 2  ft  3  in. 

Hard  gray  and  black  cherty  limestone  with  cal- 

cite  nodales 32  ft 

Heavy-bedded  gray  limestones. 

The  phosphate  formation  in  the  canon  south  of  this  is  covered  by 
the  later  formation  unconformably  and  its  next  appearance  is  just  east 
of  Salt  Lake  City,  north  of  Fort  Douglas.  It  had  been  prospected 
here  as  elsewhere  for  coal.  The  strike  is  NW-SE.  and  the  dip  45° 
to  the  northeast.  It  shows  about  100  ft.  of  phosphatic  limes,  and 
cherty  beds  with  a  few  thin  oolitic  bands,  but  apparently  no  workable 
bed  of  commercial  value. 

Western  Wyoming  and  Eastern  Utah. 

In  the  summer  of  1904  I  was  directed  to  some  workings  that  had 
been  prospected  for  coal  a  number  of  years  previous  in  the  north  half 
of  Section  7,  T.  26  K,  R.  119  W.  of  6th  P.M.  in  the  Sublette  range 
of  mountains  of  Wyoming,  just  east  of  the  Idaho  line,  on  Thomas  fork 
of  Bear  river.  From  this  I  determined  the  phosphate  formation, 
running  nearly  north  and  south,  dipping  from  vertical  to  65°  to  the 
east  through  Sections  18,  7,  and  6,  T.  26  K,  R.  119  W.  6th  P.M. 
Fig.  8  is  a  typical  section  at  the  line  between  Sections  6  and  7,  T.  26 
N.,  R.  119  W.  6th  P.M.;  elevation  6,600  ft.  A.  T. 

The  east  bed  is  the  commercially  workable  one,  and  the  similarity 
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to  the  Montpelier  deposits  is  marked,  even  to  the  shale  or  mud  partings 
separating  the  two  members  of  the  bed.  The  heavy  black  cherty  bed 
lying  above  the  phosphate  formation  is  easily  correlated  with  the  same 
bed  at  Rich's  Hot  Springs  and  at  Montpelier  canon,  and  the  succession 
of  strata  from  this  in  ascending  order  geologically  is  as  perfect  as  at  the 
latter  place.  The  forking  out  of  the  geology  in  this  section  and  later 
south  of  it  convinces  me  that  the  lowest  bed  at  Montpelier  in  its  pres- 
ent position  was  really  geologically  the  top  one.  Analyses  are 
shown  on  the  cross  section. 

In  November,  1904,  finding  "the  Carboniferous  to  outcrop  in  two 
sharp  peaks,  1  mile  east  of  Cokeville,  Wyo.,  in  Section  4,  T.  25  N., 
R.  119  W.  6th  P.  M.,  on  patented  land  of  John  W.  Stoner,  I  entered 
into  negotiations  with  him  to  examine  and  acquire  the  lands  in  the 
spring  when  the  snow  was  off.  The  result  of  the  examination 
showed  the  quartzite,  about  1,000  ft.  thick,  to  form  the  ridge  in  the 
form  of  a  close  fold.  The  phosphate  formation  follows  to  the  east 
and  dips  under  the  valley  of  Smith's  fork  of  Bear  river  in  a  broad 
syncline,  showing  exposures  of  the  rocks  from  the  Carboniferous  to  the 
Cretaceous,  with  the  phosphate  formation  again  exposed,  8  miles  east 
of  Cokeville  in  Sublette  canon,  dipping  to  the  west. 

Later  investigations  showed  the  continuation  of  the  latter  ex- 
posure to  the  south  on  Rock  creek,  but  so  far  without  commercial 
beds  being  opened. 

Fig.  9  is  a  typical  section  at  Cokeville,  and  the  photographs.  Figs. 
10, 11,  and  12,  show  the  physical  appearance  of  the  bed. 

In  July,  1905, 1  discovered  a  small  exposure  of  the  Carboniferous 
in  the  low  hills  1.5  miles  east  of  Sage  Station,  Wyo.,  on  the  Oregon 
Short  Line  railway. 

The  occurrence  here  is  on  the  west  side  of  a  gentle  anticline,  the 
west  side  of  which  has  been  abruptly  faulted  in  the  making  of  the 
Bear  River  valley.  Compared  with  other  exposures  the  phosphate 
formation  is  thin.  At  the  base  is  the  Weber  quartzite,  forming  the 
Wkbone  of  the  ridge ;  overlying  this  is  a  series  of  thin,  bedded  lime- 
stones about  125  ft.  thick.  Then  comes  the  phosphate  formation,  not 
to  exceed  80  ft.  thick,  covered  by  the  characteristic  cherty  limestone, 
tlie  whole  dipping  about  25°  to  west  and  striking  north  and  south 
through  Sections  2,  11  and  15,  T.  21  K,  R.  120  W.  6th  P.  M. 

So  far  as  developed  there  seems  to  be  a  workable  bed  from  7  to 
10  ft.  thick,  showing  a  top  member  of  4  ft.  of  hard,  jaspery  red  and 
green  oily  looking  rock  averaging  74  per  cent,  bone  phosphate  sepa- 
rated by  a  5-in.  shaly  parting  from  6  ft.  of  soft  gray  oolitic  rock 
running  as  high  as  80  per  cent,  bone  phosphate. 
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The  continuation  of  this  formation  was  located  by  the  Bradley 
interests  in  the  Bear  hills  east  of  Bear  river  in  Utah  in  Sections  5, 
8,  17,  and  19,  T.  11  N.,  R.  8  E.,  S.  L.  M.,  and  by  myself  in  Sections 
7,  18;  and  19,  T.  11  jST.,  R  8  E. 

The  Bear  River  fault  has  brought  up  the  Carboniferous  formation 
in  a  very  steep  mountain  in  which  the  formation  is  exposed  by  fault- 
ing and  erosion  in  both  an  anticline  and  a  syncline  showing  the 
phosphate  formation  in  several  parallel  lines. 

A  section  at  Brazier  canon  in  Section  18,  T.  11  N.,  R.  8  E.,  S. 
L.  M.,  is  shown  in  Fig.  18. 

At  Bennington,  Idaho,  in  the  NE.  i  of  Section  14,  T.  12  S.,  R. 
44  E.,  a  disconnected  and  faulted  portion  of  the  phosphate  formation 
is  shown.  A  tunnel  at  this  point,  run  as  a  coal  prospect,  has  crosscut 
the  formation  45  ft.,  striking  N.  and  S.  and  dipping  to  the  west.  The 
material  runs  from  25  to  50  per  cent,  bone  phosphate.  Further  work 
will  be  necessary  to  determine  its  position  and  relation  to  the  other 
deposits. 

In  the  west  half  of  Section  21,  T.  14  S.,  R.  48  E.,  B.  M.,  2  miles 
west  of  the  town  of  Bloomington,  Idaho,  a  phosphate  formation 
about  75  ft.  thick  has  been  opened  by  a  tunnel  prospecting  for  coal. 
It  consists  of  beds  of  very  light  weight  brownish  porous  material 
devoid  of  oolitic  structure  or  casts.  In  value  it  runs  from  12  to  45 
per  cent,  bone  phosphate,  with  only  a  few  feet  of  the  latter.  The 
correlation  of  this  with  the  other  deposits  is  also  a  matter  for  further 
investigation,  although  it  appears  to  be  in  the  Upper  Carboniferous. 
The  strike  is  K  80°  W.,  dip  45°  to  SW. 

Thirty  miles  north  of  Montpelier  I  have  found  the  phosphate  for- 
mation in  a  canon  north  of  Soda  Springs,  Idaho,  and  at  a  number  of 
points  between  the  two  places  locations  have  since  been  made  by 
various  parties.  A  casual  examination  of  these  shows  the  general 
conditions  as  already  described. 

From  a  great  number  of  analyses,  the  following  are  the  general 
characteristics  of  the  rocks : 

Moisture  rarely  exceeds  1  per  cent,  and  averages  about  0.4  per 
cent.,  obviating  any  drying  of  the  rock,  which  disintegrates  readily 
by  weathering  without  absorbing  moisture  to  any  appreciable  extent. 
Insoluble  runs  from  5  to  7  per  cent ;  iron  and  alumina,  below  3  per 
cent. 

Regular  shipments  of  lime  phosphate  from  68  to  75  per  cent,  and 
higher  can  be  made  by  separating  special  beds  up  to  several  feet 
in  thickness.  The  specific  gravity  is  from  2.85  to  2.98.  There  is 
considerable  organic  matter,  which  will  be  a  slight  detriment  in 
making  superphosphate. 
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Situated  as  the  field  is,  practically  half  way  between  the  Missis- 
sippi river  and  the  Pacific  coast,  traDsportation  will  always  be  a  se- 
rious item,  especially  as  far  as  any  export  business  is  concerned, 
which  is,  perhaps,  a  good  thing. 

At  present  there  are  three  concerns  active  in  developing  and 
shipping :  The  San  Francisco  Chemical  Co.,  the  operating  depart- 
ment for  the  Mountain  Copper  Co.,  Ltd.,  which  latter  is  an  English 
concern,  shipping  to  the  coast  from  Montpelier,  Idaho;  the  Union 
Phosphate  Co.,  of  San  Francisco,  which  acquired  my  interests,  ship- 
ping from  Cokeville,  Wyo.,  to  the  coast;  the  Bradley  interests,  ship- 
ping at  Sage  Station,  Wyo.,  from  Utah  deposits. 

The  exposures  in  highly  tilted  beds  render  mining  above  water 
level  a  simple  matter  for  a  long  time  to  come. 

General  Remarks. 

The  work  outlined  above,  primarily  undertaken  by  me  in  the  inter- 
ests of  the  Mountain  Copper  Co.,  Ltd.,  up  to  June,  1904,  and  later 
conducted  by  myself  personally,  has  demonstrated  the  existence  of  a 
very  large  phosphate  field  in  the  high  intermountain  country  of  north- 
eastern Utah,  southeastern  Idaho,  and  western  Wyoming.  The  oc- 
currence is  as  bedded  or  stratified  deposits  in  the  Upper  Carboniferous 
lying  above  the  Weber  quartzite  of  the  40th  Parallel  Survey,  or  an 
analogous  formation.  The  principal  rich  deposits  so  far  as  found 
seem  to  lie  in  that  arm  of  the  Carboniferous  sea  bounded  on  the 
north  and  east  by  the  granite  backbone  of  the  Rocky  mountains  in 
Wyoming,  with  a  few  islands  of  the  same  granite  lying  to  the  west. 
It  must  have  been  a  shallow  sea,  devoid  of  currents,  so  far  as  we  can 
judge  from  the  bedding  of  the  limestones,  with  the  waters  richly 
charged  with  phosphoric  acid,  which  by  animal,  vegetable,  and 
chemical  means  has  concentrated  into  the  beds  of  oolitic  character. 

The  source  of  the  enormous  amount  of  phosphoric  acid  is  an  inter- 
e!?ting  one,  and  I  hazard  the  suggestion  that  a  study  of  the  granitic 
areas  surrounding  this  ancient  sea  may  afford  a  clue  to  its  origin. 
There  also  may  have  been  injections  of  phosphoric  material  from  vol- 
canic sources,  and  while  the  Leucite  hills  of  Wyoming,  with  their 
abnormal  content  of  phosphoric  acid,  are  long  subsequent  to  the  Car- 
boniferous, they  show  at  least  a  deep-seated  source  for  phosphoric 
acid  which  may  also  have  been  active  in  a  contiguous  area  during 
the  Carboniferous  age.  The  description  of  the  Carboniferous  sea  by 
Dana  is  interesting  as  bearing  on  the  subject. 

The  Carboniferous  formation  is  exposed  in  the  area  under  consid- 
eration in  a  series  of  north  and  south  mountain  ranges,  as  a  result  of 
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block  faulting  on  a  large  scale,  resalting  in  limited  monoclines,  anti- 
clines, synclines,  and  close  folds.  The  valley  of  Bear  river  is  espe- 
cially interesting  as  following  a  series  of  faalts ;  rising  about  60  miles 
east  of  the  Great  Salt  lake,  it  follovt^s  north  for  a  distance  of  120  miles 
and  then  turns  west  and  south  to  Great  Bait  lake. 

Especially  interesting  and  worthy  of  special  study  is  the  cherty  bed 
overlying  the  phosphate  formation  at  the  top  of  the  Carboniferous^. 
In  places  it  attains  a  thickness  of  176  ft.  of  bands  of  black  8inuou% 
bedded  hornstone-like  material  and  at  others  is  a  mass  of  dumbbell 
disk,  lily,  or  sponge-like  and  other  fantastic  forms  in  the  lime.  There 
is  also  a  wide  distribution  of  cherty  forms  in  the  underlying  Ume  and 
quartzite  beds.  The  conclusion  is  forced  upon  me  that  these  repre- 
sent sponge  or  beds  of  other  low  organisms. 

In  the  phosphate  formation  we  seem  to  have  a  gradually  enriched 
series  of  beds  from  the  bottom  upward,  the  top  bed  being  the  most 
ufiiform  and  practically  workable  one. 

An  examination  of  the  geologic  folios  of  Carboniferous  aretus  in  the 
intermountain  section  shows  a  constant  reference  to  chert  and  black 
or  dark  beds  at  the  horizon  in  question,  and  I  feel  convinced  thai 
future  search  with  the  key  afforded  by  the  investigations  alreadv 
made  will  greatly  enlarge  the  field.  Much  of  the  country  is  at  pres- 
ent commercially  inaccessible.  A  wise  Providence  seems  to  have 
made  the  Carboniferous  coal  bearing  in  the  Appalachian  and  pho^ 
phate  bearing  in  the  Kocky  Mountain  region,  the  difference  arising 
in  the  one  being  a  sw^mp  with  a  collection  and  laying  up  of  vegetable 
material,  and  the  other  a  shallow  sea  with  the  deposit  by  animal, 
vegetable,  and  chemical  means  of  the  vast  amount  of  phosphoric  acid 
borne  by  it  from  the  degradation  of  the  land  areas. 

It  behooves  the  government  of  the  United  States  to  preserve  for 
future  generations  this  great  storehouse  of  phosphoric  acid,  so  essen- 
tial to  the  wellbeing  of  any  nation,  and  not  to  allow  it  to  be  distril^- 
uted  to  every  other  nation  for  the  temporary  profit  of  a  few  dollars. 
This  can  be  protected  now  when  the  private  holdings  are  compara- 
tively small  and  the  bulk  of  it  still  to  be  discovered  on  the  public 
domain.  It  would  seem  to  be  a  legitimate  function  of  the  U.  S. 
Geological  Survey  to  have  control  of  the  matter. 

Los  Angeles,  Cal.,  Jan.  23, 1907. 


The  foregoing  is  the  copy  of  a  paper  hurriedly  prepared  on  the 
request  made  to  me  in  one  of  the  following  letters,  which  are  repro- 
duced in  chronologic  order. 
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The  appended  letter  to  the  President  contains,  I  believe,  the  first 
suggestion  as  to  the  national  conservation  of  our  phosphate  resources ; 
and  while  the  procedure  has  not  yet  worked  out  in  the  rational  way  I 
had  in  mind,  it  is  in  such  shape  that  simple  legislation  ought  to  open 
the  way  for  leasing  on  some  such  basis  as  coal.  In  the  meantime 
there  seems  ample  competition  in  the  field  to  supply  the  present 
markets  properly. 

MoKTPXUSB,  Idaho,  October  16,  1906. 
To  His  Excellencj, 

Theodore  Booeeye}!, 

Preeident  of  the  United  SUtes, 

Washington,  D.  C. 

Sir: 

T  hare  the  honor  to  address  jou  on  a  subject  worthj  of  your  close  inyestioation. 

In  removing  from  entry  aU  remaining  coal  lands  in  the  public  domain  1  would  suggest 

that  there  be  included  also  all  phosphate  lands. 

In  1903  I  undertook  to  search  for  phosphate  lands  in  the  West  in  the  interest  of  the 
Mountain  Copper  Company  of  California.  In  that  search  I  was  successful  in  finding  what 
promiseB  to  be  the  laigest  phosphate  field  in  the  world,  lying  in  Western  Wyoming,  Idaho, 
Utah  and  Nevada. 

Certain  irreconcilable  differences  arising  between  myself  as  an  American  Engineer  and 
the  above  alien  English  corporation  caused  a  severance  of  our  relations  in  1904.  Since 
that  time,  on  my  own  means  and  initiative  I  have  made  further  vast  discoveries  which  in 
1905  became  the  property  of  a  domestic  California  corporation. 

In  making  to  yon  the  suggestion  to  remove  from  location  and  entry  all  phosphate  lands 
remaining  on  the  public  domain  until  the  subject  can  be  thoroughly  investigated  by  the 
U.  S.  Geological  Survey  I  am  actuated  by  motives  of  the  purest  patriotism.  By  remain- 
bg  quiet  I  could  probably  make  a  gr6at  deal  of  money  in  the  next  few  years,  but  looking 
ahead  I  can  see  that  the  field  will  probably  be  owned  and  dominated  by  vast  interests 
inimical  to  the  best  interest  of  the  nation  as  a  whole. 

Phosphates  and  phosphoric  acid  are  necessary  to  the  human  race  in  raising  its  food  sup- 
plies and  such  deposits  should  essentially  be  the  property  of  the  nation,  to  be  leased  out 
mider  a  proper  system  and  in  proper  quantities  to  responsible  parties. 

The  U.  S.  Geological  Survey  has  recently  had  an  engineer  in  the  field  and  is  aware  of 
some  of  the  facts  I  have  given  you  above. 

Now  seems  the  time  for  action  to  preserve  properly  these  deposits  and  I  trust  you  will 

appreciate  that  I  am  writing  you  strictly  from  patriotic  motives. 

I  am,  sir. 

Your  obedient  servant, 

Charles  Colcock  Jokes. 


In  answer  to  which  I  received  the  following : 


DSPAATMENT  OF  THE  InTSRIOB, 

UinrxD  Statis  Gbolooical  Survey, 

Washimoton,  D.  C. 

Nov.  1,  1906. 
Mr.  Charles  Colcock  Jones, 

247  Pacific  Electric  Building, 

Los  Angeles,  California. 

Sir: 

Your  letter  of  October  16  addressed  to  the  President  has  been  referred  to  this  office  for 
reply.    I  agree  with  you  as  to  the  desirability  of  preventing  the  newly  discovered  phos- 


2432  A   NEW   PHOSPHATB   FIII.D   IN   THE   UNITED   STATES. 

pbate  deposits  of  Idaho  and  adjaoent  Statts  from  falling  into  the  hands  of  a  monopoly. 
This  result  could  doubtless  be  presented  by  the  withdrawal  of  the  lands  containing  the 
deposits  from  mineral  entry.  Such  withdrawal,  howeyer,  ioTolres  a  radical  deptrtare 
from  the  Goyemment's  policy  with  reference  to  mineral  deposiCs  on  the  paUic  domain. 
A  precedent  for  snch  withdrawal  has,  howeter,  been  established  by  the  recent  action  of 
the  President  in  regard  to  coal  lands,  and  it  is  probable  that  he  would  look  with  favor  on 
a  similar  line  of  action  in  connection  with  these  phosphate  deposits.  It  is  necessary,  how- 
eyer,  before  the  withdrawal  can  be  made  that  the  exact  location  of  the  deposits  should  be 
known.  Arrangements  were  made  last  winter  with  a  geologist  in  priyate  practice,  who 
had  been  engaged  in  the  examination  of  these  phosphate  deposits  for  some  time,  to  prepare 
a  report  for  Suryey  publication.  Up  to  the  present,  howeyer,  this  report  has  not  mtt^ 
rialised  and  the  Survey,  therefore,  has  no  exact  information  regarding  their  location,  on 
which  to  base  recommendations.  If  such  information  is  anywhere  available  I  should  be 
glad  to  receive  it,  and  in  any  case  have  planned  to  make  a  thorough  inyestigation  of  the 
deposits  as  early  as  possible  next  spring.  I  should  be  glad  to  receive  from  you  any  infor- 
mation you  have  regarding  the  location,  character  and  value  of  the  deposits.  Soch 
information  will  be  treated  as  confidential  and  used  only  in  such  manner  as  may  be 

approved  by  yourself. 

Very  respectfully, 

H.  0.  RizvB, 

Acting  Diredor. 

Los  Anoeleb,  Cal.,  Dec.  5, 1906. 
Director  U.  S.  Geological  Survey, 

Washington,  D.  C. 
Dear  Sir: 

Your  letter  of  November  1st,  was  received  on  my  return  to  Los  Angeles  some  few 
days  ago  ;  a  continued  absence  in  Utah  and  Idaho  rendering  it  impossible  to  forward  the 
same  to  me. 

Since  broaching  this  subject  of  the  withdrawal  of  phosphate  lands,  I  have  given  the 
matter  considerable  thought  and  during  the  time,  have  been  oyer  a  large  part  of  the  field. 
As  a  practical  question,  I  hardly  see  now  how  the  withdrawal  from  entry  could  be  accom- 
plished, unless  the  Survey  instituted  a  regular  series  of  exploration  which  would  prove  tp 
the  available  territory. 

I  find  that  it  will  be  very  much  larger  in  extent  than  I  had  at  first  supposed. 

A  reference  to  my  letters  to  the  U.  S.  Geological  Survey,  beginning  in  Au^nist  1903, 
shows  that  the  formation  has  been  definitely  determined  as  the  upper  carboniferous  and 
this  extends  over  yast  areas  of  western  Wyoming,  Utah  and  Idaho,  and  while  the  present 
developments  have  proyed  the  existence  of  phosphate  in  a  number  of  places  contiguous  to 
railroads  the  exposures  by  reason  of  block  faulting  are  comparatively  few,  so  that  the 
statement  of  the  exact  location  of  the  deposits  would  be  of  little  value  as  bearing  on  ^e 
question  of  withdrawal  from  entry. 

Haying  been  the  original  locator  of  most  of  these  deposits  and  having,  perhaps,  the 
largest  accumulation  of  information  in  my  note  books  and  reports  on  the  subject,  I  feel 
that  I  am,  perhaps,  well  qualified  to  make  a  report  for  publication  on  the  subject. 

I  was  disappointed,  while  recently  in  Salt  Lake  City,  in  not  meeting  Mr.  Walcott  as  I 
would  have  been  pleased  to  discuss  the  matter  personally  with  him. 

I  am  now  working  on  my  notes,  maps,  etc.,  with  the  intention  of  either  submitting 
them  during  the  next  month  to  Lehigh  Uniyersity  or  to  the  Survey.  The  paper  will  deal 
with  the  entire  history  of  the  discovery  and  contain  a  great  many  facts,  known  only  to 
myself,  and  I  will  be  pleased  to  have  the  yiews  of  the  Director  in  this  matter. 

I  have  had  a  number  of  slides  made  and  would  be  pleased  to  learn  from  you  where  I 
can  have  micro-photographs  of  the  same  made. 

Investigations,  since  forwarding  my  letter  to  the  President  haye  oonyinoed  me  that 
the  field  is  considerably  larger  than  even  I  had  thought  it  and  while  as  a  general  proposi- 
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tkm  the  oonaarysdon  of  sach  deposits  for  the  people  ss  a  whole  is  desired,  unless  as  I  said, 
the  Surrey  is  prepared  to  have  a  special  bureau  iuTestigate  and  establish  the  workable 
areis  of  phosphate  lands  to  be  withdrawn  from  entry  it  would  be  a  drawback  to  develop- 
ment ;  however,  it  might  be  possible  to  so  restrict  holdings  of  lands  as  to  obtain  the  object 
in  view. 

Very  respectfully, 

Ghablss  Golcock  Jones. 

Departmbnt  of  the  Interior, 

Unitei)  States  Gsolooical  Survey, 

Washikoton,  D.  C. 

December  12, 1906. 
Mr.  Charles  Golcock  Jones,  ^ 

247  Pacific  Electric'  Building, 

Los  Angeles,  California. 
Desr  Sir : 

Beferring  to  jour  letter  of  December  5,  relating  to  phosphate  lands  in  Utah  and 
Idaho: 

Ab  stated  in  my  letter  of  November  1,  it  is  hoped  that  detailed  examinations  of  these 
deposits  may  be  undertaken  next  season.  In  view,  however,  of  the  great  interest  in  this 
matter  I  should  be  glad  to  see  published  at  an  early  date  such  information  regarding  them 
as  is  available.  As  you  are  doubtless  aware,  a  volume  is  published  each  spring  entitled 
Oantributions  to  Eeonmnie  QeoUtgy^  made  up  largely  of  abstracts  of  more  ei  tended  reports 
aod  short  papers  of  economic  interest  I  am  sending  you  under  separate  cover  the  bulletin 
for  1905.  If  you  should  care  to  prt^pare  a  brief  paper  for  the  1906  bulletin  and  could 
ssbmit  it  before  February  1,  1907,  I  would  be  glad  to  consider  its  publication. 

Very  truly  yours, 

H.  G.  RiZER, 
Acting  ZHredar. 

Acting  upon  this  request  the  foregoing  paper  was  written  and  for- 
warded with  the  following  reply  to  letter  of  December  12  : 

Loe  Angeles,  California, 
January  23rd,  1907. 
Director  U.  S.  Geological.  Survey, 

Washington,  D.  C. 
Dear  Sir: 

I  have  the  honor  to  submit  to  you  the  brief  paper  for  1906  bulletin  of  QnUrUmtUms  to 
Eexmomde  Geology^  as  requested  in  your  letter,  of  December  12th,  1906. 

I  enclose  also  with  this,  a  drawing  of  the  sections  mentioned,  from  which  tracings 
can  be  made  at  your  office,  and  the  combined  map  of  those  portions  of  Utah,  Idaho  and 
Wjoming  with  the  known  outcrops  of  the  phosphate  formation  marked  by  red  lines. 

I  have  thought  it  best  to  pot  the  preliminary  article  in  its  present  form,  not  so  much 
for  any  honor,  as  far  as  I  am  personally  concerned,  but  as  an  interesting  narrative  of  a 
work  that  absorbed  me  greatly  as  being  somewhat  of  a  guide  to  others  in  the  field,  carry- 
ing out  investigations  on  a  purely  geological  basis. 

I  have  tried  to  make  it  so  it  would  require  as  little  editing  as  possible  and  leave  it  to 
yoor  jadgment  as  to  the  propriety  of  some  of  the  last  general  sentiments  expressed  in  the 
paper. 

1  am  forwarding  you  also,  illustrative  photographs  of  openings  and  a  box  of  micro- 
scopic slides,  the  latter  of  which,  if  not  of  any  present  use,  can  be  returned  to  me. 

In  addition  to  the  fossils,  I  have  had  the  pleasure  of  forwarding  you,  I  Lave  a  number 
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of  interesting  specimens  which  either  now  or  later  I  will  put  at  joar  disposal  for  illuBtn> 
tive  purposes. 

Trusting  that  this  paper  meets  your  wishes  and  hoping  that  I  may  be  able  to  raider 
you  further  seryice  at  any  time,  I  am 

Very  truly  yours, 

Chablbb  Coloock  Jokeb. 

Bather  to  my  surprise  this  paper  was  returned  with  the  following 
explanation : 

In  reply  please  refer  to  GB  and  date  of  this  letter. 

SUBJECT :  Returning  manuscript  on  phosphates  of  the  United  States. 

• 

Department  of  the  Interior, 

United  States  Gsolooical  Survey, 

Washington,  D.  C. 

February  2,  1907. 
Mr.  Charles  Colcock  Jones, 

247  Pacific  Electric  Building, 

Los  Angeles,  California. 

Dear  Sir : 

Your  letter  of  January  23,  accompanied  with  a  paper  on  the  **  Discovery  and  Opening 
of  a  new  Phosphate  Field  in  the  United  States,"  was  duly  received. 

The  paper  has  been  carefully  examined  and  in  its  present  form  is  not  adapted  for  pnblia- 
tion  in  the  Oontributions  to  Economic  Ckology,  Since  this  report  will  go  to  press  in  a  fewd&Ts 
there  will  be  no  opportunity  for  you  to  revise  the  paper.  Moreover,  as  stated  in  my  letter 
of  November  1,  1906,  arrangements  were  made  last  winter  for  the  publication  of  a  paper 
on  this  subject  just  received  from  the  author,  and  this  will  be  supplemented  with  infonua' 
tion  obtained  by  one  of  the  Survey  geologists  during  the  past  season.  Your  paper  con- 
tains much  matter  of  interest  and  1  trust  you  will  have  it  published  so  that  this  informat  on 
may  become  available.  I  have  no  doubt  that  any  of  the  mining  journals  would  be  verj 
glad  to  secure  it. 

I  am  returning  the  manuscript  and  illustrations  to  you  under  separate  cover,  registered. 

Very  respectfully, 

H.  C.  RlZER, 

Acting  Director. 

In  the  Engineering  and  Mining  Journal  of  May  18,  1907,  appeared 
an  abstract  from  this  paper,  and  which  was  perhaps  the  first  aotaal 
description  of  the  phosphate  field. 

Shortly  afterwards  Contributions  to  Economic  Geology^  1906,  was 
issued  containing  ''Phosphate  Deposits  in  the  Western  United 
States,"  by  Weeks  and  Ferrier,  and  subsequent  annual  issues  of  the 
same  publication  have  kept  the  world  informed  of  the  enormous  ex- 
tent of  this  phosphate  field  as  its  boundaries  have  been  extended  by 
the  investigations  of  the  Survey. 

The  remarkable  thing  about  this  phosphate  field  is  that  it  lay  un- 
noticed so  long  and  practically  undiscovered,  for  at  Rich's  Hot 
Springs  on  Bear  lake  characteristic  phosphate  openings  were  shown 
to  many  by  the  late  Joseph  Rich. 
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T.  L.  Gleen,  of  Montpelier,  Idaho,  while  a  member  of  Congress 
about  1904,  submitted  samples  to  the  Smithsonian  Institution,  which 
reported  the  phosphatic  material  not  a  coal  and  worthless. 

Since  the  opening  of  the  field  the  statement  has  been  made  through 
the  technical  press  by  several  that  they  knew  of  the  existence  of 
phosphate  rock  in  Wyoming,  but  so  far  as  I  have  been  able  to  learn 
the  analysis  by  Thomas  Price  &  Son,  in  1899,  was  the  first  authentic 
recognition  of  the  true  nature  and  value  of  the  rock. 

The  Survey  has  accomplished  a  vast  deal  of  work  in  the  phosphate 
field,  the  results  of  which  it  has  published  with  a  wealth  of  detail  in 
various  publications.  The  following  extracts  from  Classification  of  the 
Public  Lands,  1913,*  are  illuminative : 

"  Lands  Containing  Phosphate. 

"  Deposits  of  phosphate  in  the  Rockj  MouDtain  States  were  first  discovered  in  north- 
eastern Utah  and  southeastern  Idaho,  in  the  vicinity  of  the  Idaho-Utah- Wyoming  line. 
From  this  locality  the  deposits  have  been  traced  south,  east,  and  west  halfway  across  the 
States  of  Idahoy  Utah,  and  Wyoming  and  northward  to  the  vicinity  of  Helena,  in  west- 
central  Montana,  so  that  the  phosphate  beds  now  known  cover  an  area  extending  about 
220  miles  from  east  to  west  and  420  miles  from  north  to  south.  Of  course  only  a  small 
part  of  tlus  territory  b  underlain  by  deposits  that  are  commercially  valuable.'' 

"The  estimated  quantity  of  high-grade  rock  (containing  70  per  cent,  or  more  of  trical- 

ciam  phospliate)  included  in  the  area  surveyed  in  detail  to  date  is  more  than  3,000,000,000 
long  toDs.'^ 

"  Summary  of  Phosphate  Situation. 

"The  question  of  the  future  adequacy  of  our  phosphate  resources  for  our  own  needs  had 
been  mentioned  by  several  authorities  prior  to  the  conference  of  the  governors  in  1908,  in 
which  the  discussion  of  this  and  kindred  topics  drew  public  attention  to  the  situation.  At 
this  conference  the  possibility  that  foreign  investors  might  acquire  the  better-known  and 
supposedly  richer  portions  of  our  deposits  was  suggested,  the  wisdom  of  permitting^  the  ex- 
portation of  so  essential  a  quasi-public  commodity  was  questioned,  and  the  desirability  of 
an  early  examination  of  the  available  supplies  was  emphasized.  In  part  as  a  result  of 
these  indications  of  public  interest,  in  part  as  a  continuation  of  the  policy  already  adopted 
in  reference  to  coal  lands,  and  in  part  because  of  the  legal  dilemma  existing  in  the  western 
fields  through  the  inadequacy  of  the  laws  governing  the  disposal  of  mineral  land  the  Secre- 
tary of  the  Interior,  on  December  10,  1908,  withdrew  from  entry  about  7,000  square  miles 
of  public  land  in  Idaho,  Utah,  and  Wyoming,  pending  an  examination  of  their  phosphate 
resources.  In  the  following  summer  the  United  States  Geological  Survey  began  the  ex- 
amination of  these  lands  and  the  investigation  has  been  continued  up  to  the  present  time, 
some  4,000  square  miles  having  been  examined  in  a  preliminary  way  and  about  2,500 
square  miles  surveyed  in  detail. 

"  The  first  withdrawal  was  based  partly  on  information  collected  by  the  Hayden  Survey 
in  1877  and  partly  on  later  detailed  and  reconnaissance  examination  made  by  the  United 
States  Geological  Survey.  Field  work  done  subsequent  to  this  withdrawal  revealed  the 
regularity  and  the  character  of  the  phosphate  deposits,  so  that  it  has  been  possible  not  only 
to  revise  the  estimates  of  the  reserves  in  the  area  actually  examined  since  the  first  with- 
drawal but  also  to  make  a  closer  interpretation  of  the  information  gathered  by  the  earlier 
sarveya" 

»  BvUeiin  No.  537,  U.  S.  Ckoloffical  Survey,  pp.  124  to  127  (1913). 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS. 
[subject  to  revision.] 

DI8CCSSI0N  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  a 
meeting  of  the  Institute.  If  this  is  impossible,  then  discussion  in  writing;  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  Engineers.  29  West  89th  Street,  New  Yorlc,  N.  Y. 


The  Influence  of  Copper  Upon  the  Physical  Properties  of  Steel. 

BT  0.   HOWELL  CliEVENGER,*  PiLO  ALTO,   CAL.,    AND  BHUPENDBANATH  RAY, 

CALCUTTA,   INDIA. 

(Butte  Meeting,  August,  1913). 

Formerly  great  divergence  of  opinion  existed  in  regard  to  the 
influence  of  copper  in  steel,  as  affecting  its  various  physical  proper- 
ties. More  recently  the  investigations  of  Stead,*  Breuil,"  Wighara,* 
Burgess  and  Aston,*  Ball  and  Wingham,*  Miiller,*  Dillner,^  and 
others  have  shown  'fairly  good  agreement  in  the  major  points.  Cop- 
per steel  has  been  shovc^n  by  these  investigators  to  possess  special 
properties  which  make  it  valuable  for  certain  uses. 

The  general  range  of  composition  of  the  useful  alloys  of  copper  and 
iron,  and  of  copper,  iron,  and  carbon,  has  been  quite  definitely 
established,  for  the  former  by  Burgess  and  Aston,*  and  for  the  latter 
by  Breuil  ^  and  Stead.^^^ 

Stead"  has  removed  one  difficulty  in  reconciling  certain  of  the 
earlier  data  by  calling  particular  attention  to  the  influence  of  carbon 
in  copper  steels.  Another  point  which  caused  confusion  in  the  earlier 
investigations,  particularly  in  regard  to  "  red-shortness,"  was  the  pres- 
ence of  sulphur.  Failure  to  note  the  presence  of  sulphur  often  led  to 
attributing  "red-shortness"  to  the  presence  of  small  amounts  of 
copper.  Turner  "  has  called  attention  to  the  fact  that  where  copper 
exists  in  an  iron  ore  it  often  occurs  as  the  sulphide,  so  that  the  pres- 
ence of  copper  in  steel  made  from  such  ores  might  also,  necessarily, 
mean  the  presence  of  sulphur.  It  is  evident  that  the  effect  in  this 
case  might  be  quite  different  than  where  pure  copper  was  added. 

*  Agaociate  Professor  of  Metallurgy,  Stanford  University. 

*  Journal  of  the  Iron  and  Steel  IntHtuU,  vol.  Ix.  (1901,  II),  p.  104. 

*  Idan,  vol.  Ixxiv.  (1907,  II),  p.  1. 
»  Idem,  vol.  Ixix.  (1906,  I),  p.  222. 

*  Transaelions  of  the  American  Electrochemical  Society,  vol.  xvL,  p.  241  (1909). 

*  Jtmmal  of  the  Iran  and  Steel  Inetitute,  vol.  xxxiv.  (1889,  I),  p.  123. 

*  Wedding:  StafU  und  EUen,  vol.  xxvi.,  No.  23,  p.  1444  (Dec.  1,  1908). 
'  Idem,  voL  xxvi.,  No.  24,  p.  1493  (Dec.  15,  190tJ). 

^  Trojua/Uions  of  the  American  Electrochemical  Society,  vol.  xw.,  p.  241  (1909). 

*  Journal  of  the  Iron  and  Steel  Institute,  vol.  Ixxiv.  (1907,  II),  p.  1. 
>•  Idem,  voL  Ix.  (1901,  II),  p.  104. 

"  I<fero,  p.  114. 
"  Idem,  p.  138. 


2488  THE  INFLUENOB  OF  COPPER  UPON  STEEL. 

Unsound  ingots,  which  are  sometimes  complained  of  with  copper 
steel,  may  be  due  to  the  method  of  adding  the  copper.  The  well- 
known  property  which  copper  possesses  of  absorbing  gases  when 
molten,  which  are  given  off  during  solidification,  and  which  makes 
the  production  of  sound  castings  of  pure  copper  difficult,  has  led  us 
to  think  that  the  presence  of  copper  might  confer  upon  molten  steel 
somewhat  the  same  property.  Our  experience  in  making  the  crucible 
steel  for  this  investigation  points  strongly  to  this  conclusion ;  but  it 
also  indicates  that  this  difficulty  can  be  overcome  by  taking  proper 
precautions  in  adding  the  copper. 

In  the  past  a  most  peculiar  condition  has  existed  as  regards  copper 
steel,  in  that  while  very  little  of  it  has  been  made  intentionally,  thou- 
sands of  tons  of  both  pig  iron  and  steel  have  been  placed  upon  the 
market,  which  contained  copper,  on  account  of  copper  occurring  in 
the  iron  ores  from  which  the  pig  iron  or  steel  was  made.  All  of 
this  steel  has  apparently  proved  satisfactory  in  every  way. 

Frequently,  where  specimens  of  ordinary  steel  have  shown  unusual 
strength  and  hardness,  and  resistance  to  corrosion,  in  excess  of  what 
could  be  expected  from  ordinary  carbon  steels,  it  has  been  found  upon 
analysis  that  the  steel  contained  copper,  present  as  an  aecideutftl 
constituent,  but  nevertheless  effective  in  producing  a  superior  grade 
of  steel.  This  has  often  been  the  case  where  rails  have  shown 
unusual  wear.  In  this  connection  copper  steel  would  appear  to  ap- 
proximate nickel  steel,  while,  due  to  the  smaller  amount  of  copper 
necessary  and  its  lower  price,  copper  steel  could  be  made  at  a  less 
cost. 

The  purpose  of  this  investigation  has  been  to  assist  in  removing 
the  unfounded  prejudices  which  have  existed  in  the  past  in  regard  to 
copper  steel. 

Experimental. 

Making  of  Ingots. — A  small  circular  furnace,  lined  with  silica  brick 
and  fired  by  means  of  a  low-pressure  burner,  using  California  crude 
oil  as  a  fuel,  and  not  employing  the  regenerative  principle,  was  used 
for  heating  the  No.  25  graphite  crucibles  in  which  the  steel  was 
melted. 

The  raw  materials  used  for  making  the  steel  consisted  of  mild 
steel  punchings  containing  0.23  per  cent,  of  carbon,  the  best  grade  of 
electrolytic  copper,  80  per  cent,  ferro-manganese,  and  a  good  grade 
of  commercial  aluminum. 

The  general  method  of  procedure  was  to  charge  30  lb.  of  punch- 
ings into  the  crucible  and  fire  until  the  metal  was  melted.  It  gener- 
ally required  about  2  hours  before  the  charge  began  to  mielt  and 
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aboat  one-half  hour  more  for  the  metal  to  become  perfectly  fluid. 
The  molten  metal  was  then  "  killed  "  for  from  20  to  25  min.,  after 
which  2. 5  oz.  of  f erro-manganese  was  added  and  the  metal  thoroughly 
etirred.  After  from  5  to  7  min.  more  the  required  amount  of  copper 
was  added  and  the  metal  again  stirred.  About  5  min.  later  0.096  oz. 
of  aluminum  was  added  and  then,  after  again  stirring,  the  metal  was 
at  once  poured  into  a  previously  heated  ingot  mold.  Sufficient  slag 
was  added  to  each  charge  to  form  a  protective  coating  over  the 
•  molten  metal.  This  was  done  with  the  idea  of  preventing,  to  a  large 
extent,  the  absorption  of  gases  by  the  metal  after  it  had  become  fluid. 

At  first  we  encountered  considerable  difficulty  in  making  sound 
ingots;  but,  after  experience  had  taught  us  to  proceed  in  the  manner 
outlmed  above,  every  heat  produced  sound  ingots  free  from  blow- 
holes. While  we  did  not  have  the  opportunity  of  thoroughly  investi- 
gating this  phase  of  the  subject,  the  two  points  which  appear  to  us  to 
be  the  most  important  in  making  copper  steel  by  the  crucible  process 
are :  1.  To  thoroughly  kill  the  metal  before  adding  the  copper.  2. 
To  add  some  deoxidizing  agent,  as  aluminum,  just  before  pouring. 

Each  ingot  weighed  approximately  30  lb.  and  measured  8  by  8  by 
12  in.,  with  the  exception  of  AO,  which  weighed  22.5  lb.  and  was  8 
by  3  by  9  in. 

After  having  determined  the  proper  method  of  melting,  eight  in- 
gots were  made.  In  the  making  of  this  series  of  ingots  all  the  con- 
ditions were  maintained  as  nearly  the  same  as  possible,  with  the  ex- 
ception of  the  proportions  of  copper  added  as  noted  below. 

Designating  Mark.  Per  Cent  of  Copper  Added. 

AO 0.00 

A0.25 0.25 

A0.6 0.50 

Al 1.00 

A2 2.00 

A3 3.00 

A4 4.00 

A5 5.00 

All  of  these  ingots  were  sound  and  free  from  blow-holes.  Each 
ingot  was  sawed  to  a  depth  of  1  in.  on  two  opposite  sides,  2  in.  above 
the  bottom.  After  breaking,  a  fracture  area  of  approximately  1  by  8 
in.  was  shown.  The  appearance  of  these  fractures  is  shown  in  Fig.  1. 
In  sawing  and  breaking  the  ingots  the  following  facts  were  observed  : 
AO  appeared  to  be  rather  soft  and  tough — about  what  would  be  ex- 
pected of  ordinary  machine  steel.  The  brittleness  and  fineness  of 
grain  became  more  evident  with  increasing  copper  content,  except  in 
the  case  of  A5,  which  had  a  coarser  grain  than  any  of  the  other 
specimens. 
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Segregation  was  not  noticeable  to  the  eye  in  any  of  the  ingots ;  all 
were  white,  lustrous,  and  uniformly  grained  in  the  fracture.  There 
were  reddish  streaks  of  copper  oxide,  in  the  form  of  very  thin  films, 
on  the  surface  of  ingots  A4  and  A5. 

The  slags  resulting  from  the  steels  containing  the  higher  percent- 
ages of  copper  were  slightly  tinged  red,  presumably  by  the  presence 
of  copper  oxide. 

Forging  of  Ingots. — The  eight  ingots  were  heated  in  a  large  forge 
and  reduced  to  l|-in.  octagonal  bars  by  means  of  a  steam  hammer. 
All  forged  about  like  ordinary  machine  steel.  A2  appeared  to  be 
Bomewhat  softer  than  the  rest.  A5  shows  traces  of  red-shortness  and, 
after  cooling,  the  surface  of  the  bar  showed  minute  cracks. 

Welding. — Lap  welds  were  tried  upon  the  eight  bars,  with  the  fol- 
lowing results : 

AO — Seemed  to  weld  perfectly  at  a  bright  red  heat,  almost  yellow, 
similar  to  "  machine  steel." 

A0.25— Appeared  rather  overheated  but  welded  easily. 

A0.5 — Could  not  be  welded  with  the  hand  hammer  at  yellow  heat, 
and  welded  with  diflSculty  under  the  drop  hammer  at  bright  yellow, 

Al — ^Welded  moderately  well  under  the  drop  hammer  at  bright 
vellow. 

A2 — At  bright  yellow,  scintillating,  welded  with  difficulty  under 
the  drop  hammer. 

A8 — Could  not  be  welded  at  any  heat  from  red  to  almost  white. 

A4 — The  ends  slipped  off  and  crumbled  to  pieces  at  bright  yellow 
under  the  drop  hammer  Metallic  copper  showed  on  the  surface  of 
the  heated  ends  when  cold. 

A5 — ^The  ends  did  not  stick  at  any  heat,  resisted  all  attempts  to 
weld ;  copper  showed  on  the  surface  of  the  heated  ends  as  in  A4. 

The  failure  to  weld  the  steels  containing  the  higher  proportions  of 
copper  may  have  been  due  to  the  formation  of  a  film  of  copper  oxide 
upon  the  surface  of  the  weld. 

Test  pieces  were  turned  from  the  welded  specimens  and  the  ulti- 
mate breaking  strength  of  these  determined,  with  the  results  given 
below : 

Ultimate  BreAking  Strength         Ultimate  Breaking 

of  Welded  Test  Pieces.  Strength  of  Unannealed 
Pounds  per  Square  Inch.  Test  Pieces. 

Bar.  Pounds  per  Square  Inch. 

AO 22,300  86,700 

A0.26 25;600  99,500 

A0.5 88,200  99,000 

'    Al 83,000  97,400 

A2. 39,600  120,660 

AO  broke  along  the  weld. 

A0.25  broke  along  the  weM. 

A0.5  broke  along  and  across  the  weld. 

Al  broke  along  and  across  the  weld. 

A2  broke  along  the  weld. 


THE   IKFLUENCS   OF   COFFER   UPOH   8TBEL. 


Fio.  2.— Wblded  Specimehs  afteb  FBAcrtuB. 
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Fig.  2  is  a  photographic  view  of  the  welded  Bpecimens  after 
fracture. 

Difierent  authoritieB  do  not  agree  as  to  the  limit  of  copper  content 
beyond  which  the  steel  is  not  capable  of  being  welded. 

The  most  remarkable  welds  of  copper  steels  were  those  made  by 
Colby"  upon  steels  containing  in  most  cases  about  0.565  per  cent. 
of  copper.  All  his  specimens  were  said  to  be  capable  of  being  suc- 
cessfully welded,  and  only  one  of  them  broke  at  the  weld  and  this 
under  a  load  of  61,630  lb.  per  square  inch. 

Definite  conclusions  in  regard  to  the  welding  of  copper  steel  cannot 
be  drawn  from  the  small  number  of  results  which  we  are  able  to  pre- 
sent ;  but  our  results,  together  with  those  of  Colby,  would  seem  to 
indicate  that  it  might  be  possible  that  steel  containing  from  0.5  to 
1.0  per  cent,  of  copper,  while  more  difficult  to  weld,  when  once  welded 
seems  to  produce  a  stronger  union  than  a  similar  steel  containing  no 
copper. 

Chemked  Analyses. — The  drillings  for  the  chemical  analyses  were 
taken  from  the  sides  of  the  ingots,  as  indicated  by  the  shaded  areas 
in  Fig.  3. 

Copper  was  determined  by  ether  scparatioji  followed  by  the  iodate 
volumetric  method.  Carbon  was  determined  by  the  total-combustion 
method,  sulphur  by  the  evolution  method,  phosphorus  by  Handy's 
volumetric  method,  manganese  by  Ford's  method,  and  silicon  by  the 
regulation  gravimetric  method. 

Table  I. — Analyses  of  Steel. 


AO.      .  A0.25.  ;     A0.5.  I    A1. 


A2. 


AS. 


Per 
Cent. 

Carbon ^ 0.46 

Manfianeae 0.445 

Sulphur 0.0385 

Silicon 0.076 

Phosphorus 0.0172 

Copper  (B) ,    0.165 

Copper,  top  of  iugotCii) i 

Copper,  bottom  of  ingot  (O 

Copper  added 0.26 


Per 
Cent. 
0.606 
0.477 
0.0295 
0.078 
0.0160) 


Per    I 
Cent. 
0.523  I 
0.320 
0.039 
0.094 
0.0189| 
0.493 


Per    ,    Per     '  Per 

Cent.     Cent.  Cent. 

0.471  I     0.533  0.437 

0..329       0.305  ;  0.4.S3 

0.036  1    0.022  I  0.0206 

0.060       0.052  0.066 

0.0172     0.0210  0.0172 

0.846       1.857  2.773 

0.838    2.609 

0.849    1  2.796 

0.50         1.00    ,    2.00  3.00 


A4. 

Per 
Cent.   ; 

0.442  ' 
0.386  ; 
0.021  I 
0.060  ! 
0.0203 
3.574 
I 

"i'.OO"! 


A5. 


Per 
Cent. 
0.462 
0.4.36 
0.0196 
0.066 
0.0147 
4.512 
4.371 
5.640 
5.00 


Effect  of  Copper  in  Eliminating  Sulphur. — Inspection  of  Table  I. 
shows  a  regular  decrease  of  sulphur  with  increasing  copper  content. 
Breuirs  **  analyses  of  his  semi-mild  steels  (Table  II.)  show  the  same 
phenomenon,  although  certain  of  his  other  analyses  seem  to  be  con- 
tradictory. The  results  of  certain  other  investigators  seem  to  show 
the  same  tendency,  but  we  are  unable  to  quote  them  on  account  of  not 

"  Inm  Age,  vol.  Ixiv.,  No.  22,  p.  1  (Nov.  30,  1899) ;  also  Journal  of  the  Iron  and  Steel 
InMUvte,  vol.  Ivii.  (1900,  I),  p.  412. 

"  Journal  of  the  Iron  and  Steel  InsUitutCj  vol.  Ixxiv.  ( 1907,  II),  p.  4. 
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knowing  the  exact  conditionB  under  which  their  steel  was  made,  and 
on  account  of  the  further  uncertainty  of  the  effect  of  other  factors, 
which  might  have  had  an  influence  upon  the  sulphur.  However,  it 
seems  probable  that  copper  does  have  an  important  effect  upon  the 
elimination  of  the  sulphur.  This  point  is  worthy  of  further  investi- 
gation. 

Table  II. — Analyses  of  Semi-Mild  Steel — Series  B  (Breuil). 


BO. 

B0.5. 

Per" 
Cent. 
0.890 
0.189 
0.323 
0.020 
0.018 

0.505 

Bl. 

Per 
Cent. 
0.400 
0.164 
0.307 
0.022 
0.012 

1.005 

B2. 

B4, 

Carbon 

Per 
Cent. 
0.S86 
0.150 
0.316 
0.020 
0.017 

0.0 

Per 
Cent. 
0.389 
0.175 
0.242 
0.028 
0.010 

2.025 

Per 
Cent. 
0.868 

Maniranese 

0.189 

Silicon 

0.217 

PbosDhoraa 

0.022 

Sulphur.. 

O.Oll 

CoDoer.  bottom 

4.009 

CoDoer.  toil 

8.985 

1 

1 

B8. 

B16. 

R32 

Per 
Cent 
0.872 
0.135 
0.316 

Per 
Cent. 
0.412 
0.160 
0.298 

Per  Cent. 
0.282 
0.230 
0.214 

7.960 
7.910 

16.015 
15.985 

Outside. 
24.4 
21.2 

Center. 

74.8 
34.2 

Segregation  of  Copper  in  Ingots. — Within  the  limits  investigated, 
there  was  no  segregation  of  the  copper  which  w^as  noticeable  to  the 
eye  lor  which  was  apparent  in  the  specimens  examined  under  the 
microscope.  This  seems  very  strange  in  view  of  the  fact  that  copper 
became  evident  upon  the  surface  of  A4  and  A5  when  an  attempt 
was  made  to  weld  them.  Determination  of  the  copper  in  the  samples 
taken  at  -4,  -B,  and  C,  Fig.  3,  shows  a  slight  tendency  toward  segre- 
gation in  Al.  In  A3  this  is  more  marked  and  in  A5  it  becomes 
serious.  The  tendency  for  copper  to  segregate  toward  the  bottom  of 
the  ingot  is  marked. 

Breuil  ^*  also  noted  higher  percentages  of  copper  in  the  bottom  of 
his  ingots  than  in  the  top,  as  will  be  seen  from  Table  II.  He  failed 
to  discover  any  difference  in  copper  content  between  the  bottoms  and 
tops  of  ingots  containing  less  than  4.0  per  cent,  of  copper.  He  also 
found  that  very  high  copper  steels  formed  an  exterior  shell  with  a 
lower  percentage  of  copper  and  an  interior  core  very  rich  in  copper. 
He  tested  the  homogeneity  of  the  ingots  by  a  method  based  upon  the 
principle  of  Brinell's  method  of  testing  hardness,  and  found  that 
ingots  containing  less  than  30  per  cent,  of  copper  possess  fairly  uni- 
form hardness  from  the  skin  toward  the  center.  "  Generally  speak- 
ing, the  hardness  is  greater  at  the  bottoms  of  the  ingots  than  the 
tops."  "  Ingots  of  steel  containing  less  than  8  per  cent,  of  copper 
show  no  coloration  at  their  fractures.  Between  8  per  cent,  and  20 
per  cent,  of  copper  they  are  fairly  uniform  physically,  and  do  not 
display  marked  segregation.  Above  30  per  cent,  of  copper  the  seg- 
regation is  marked." 

"  Journal  of  the  Iron  and  Steel  In»tUuU,  vol.  Ixxiv.  (1907  II),  p.  6. 
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Stead  ^*  says  it  was  found  that  "  steel  with  1  per  cent,  carbon  would 
dissolve  and  retain  in  solution  about  7  per  cent,  copper,  and  that 
when  this  amount  is  exceeded  the  excess  is  thrown  out  of  the  solution 
at  the  setting  point  and  appears  as  globules."  '*  When  the  propor- 
tion of  copper  is  increased  above  10  per  cent.,  the  suspendied  globules 
also  increase,  and  when  25  per  cent,  copper  is  melted  with  75  per 
cent,  steel,  a  portion  of  the  copper  separates  from  the  steel  before  it 
solidities,  and  is  found  at  the  bottom  of  the  ingot  in  a  separate  layer. 
It  is,  however,  not  pure,  but  is  associated  with  about  10  per  cent. 
iron,  part  of  which  is  in  solution  and  part  as  dendritic  crystallites." 
Stead  made  an  alloy  of  equal  parts  of  copper  and  iron  by  melting 
them  together  in  a  charcoal-lined  crucible  and  allowing  the  alloy  to 
cool  in  the  crucible.  "  It  separated  into  two  conjugate  layers  of  the 
following  composition : 

Top  Layer.  Bottom  I^yer. 

Per  Cent.  Per  Cent. 

Iron 87.00  9.60 

Copper 10.34  90.02 

Carbon 2.07  0.08 

Silicon 0.46  Nil 

Etc 0.14  0.30 

100.00  100.00" 

Corrosion  Tests, — Cylindrical  test  pieces  were  turned  from  each 
forged  bar,  0.5  in.  in  diameter  and  0.5  in  long.  These  were 
thoroughly  cleaned  and  weighed,  and  then  completely  immersed  in 
glass  beakers  containing  400  cc.  of  1 :  3  sulphuric  acid  which  was 
maintained  at  22°  C.  In  order  that  sediment  which  formed  might 
settle  to  the  bottom  of  the  beaker,  and  thus  keep  a  fresh  surface  con- 
stantly exposed  to  the  action  of  the  acid,  the  small  steel  cylinders 
were  supported  upon  tripods  made  of  thin  glass  rod.  The  beaker 
was  covered  with  a  watch  glass  to  prevent  evaporation.  Fig.  4  shows 
the  general  arrangement.  The  cylinders  were  left  in  the  acid  for 
160  hours,  after  which  they  were  taken  out,  washed,  and  thoroughly 
cleaned  of  all  sediment,  dried,  and  accurately  weighed.  The  follow- 
ing table  gives  the  percentage  of  loss  suffered  in  each  case  at  the  end 
)f  160  hours : 

Loss  by  Corrosion 
Copper  Content.  in  Acid. 

Steel.  Per  Cent.  Per  Cent. 

AO 0.0  22.20 

A0.25 0.165  7.14 

A0.6 0.493  5.35 

Al... 0.846  6.93 

A2 1.857  11.31 

A3 2.773  32.60 

A4 3.574  37.00 

A5 4.512  42.60 

'•  Journal  of  the  Iron  and  Steel  Institute,  vol.  Ix.  (1901,  II),  p.  114. 
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Fig.  4. — Specimen  SuproRTED  on  Glass  Kok 
FOR  Corrosion  Tests. 


Fig.  3. — Showing  Points  Drilled 
FOR  Analyses. 
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Fig.  5.— Curve  Showing  Corrosion  by  1  :  3  Sulphuric  Acid. 
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Reference  to  the  accompanying  table  and  Fig.  5  will  show  that 
when  no  copper  is  present  the  loss  in  weight  is  22.2  per  cent. ;  0.165 
per  cent  of  copper  lowers  the  loss  to  7.14  per  cent.  The  minimum 
loss,  5.35  per  cent,  occurs  when  0.493  per  cent,  of  copper  is  present. 
With  0.846  per  cent,  of  copper  the  loss  in  weight  is  slightly  increased, 
to  6.93  per  cent. ;  1.857  per  cent  of  copper  raises  the  loss  in  weight 
to  11.31  per  cent  Increasing  the  copper  content  to  2.773  per  cent 
causes  an  abrupt  rise  in  the  loss  of  weight  to  32.6  per  cent.  From 
this  point  up  to  4.512  per  cent  of  copper  the  rise  in  the  loss  of 
weight  is  regular  and  much  less  abrupt. 

Sample  AO  corroded  very  irregularly  and  was  pitted  and  riffled 
over  the  whole  surface.  All  the  copper  steels  corroded  uniformly 
and  evenly,  leaving  an  almost  smooth  surface ;  the  edges  remained 
sharp  and  remarkably  well  preserved. 

Breuil's  *^  samples  containing  0.5  per  cent,  of  copper,  in  both  the 
series  containing  0.15  and  0.35  per  cent  of  carbon  respectively,  gave 
the  minimum  loss  due  to  solvent  action  of  the  acid.  This  agrees 
with  the  results  given  above. 

Walker  *■  says,  "  In  investigating  samples  of  iron  and  steel  which 
had  withstood  corrosion  for  years,  and  which  notwithstanding  dis- 
solved in  acid  very  readily,  together  with  samples  which  withstood 
solution  in  acid  in  a  remarkable  manner,  and  yet  were  rusting  at  the 
ordinary  rate,  it  was  found  that  the  acid  resistant  specimens  con- 
tained in  every  case  a  substantial  amount  of  copper ;  that  is,  the 
presence  of  copper  seemed  to  be  the  controlling  factor  in  the  resist- 
ance to  solution  in  acid." 

He  made  tests  upon  basic  open-hearth  steels  and  obtained  the 
following  results : 

Loss  in  Weight  After 
3  Hoiire  in  20  Per 
Carbon.  Manganese.      Sulphur.         Phosphorus.     Copper.    Cent.  Sulphuric  Acid. 

Percent.  Per  Cent.        Per  Cent.  Per  Cent.        Percent.  Grams. 

A 0.08  0.50  0.018  0.017  0.2235 

A3 0.08  0.50  0.018  0.017            0.21  0.0075 

B 0.1  0.41  0.027  0.026            0.19  0.0082 

C 0.09  0.31  0.031  0.063            0.19  0.0095 

The  effect  upon  acid  corrosion  of  small  quantities  of  copper  is 
strikingly  shown  by  these  results.  He  further  observes  that  iron  and 
steel  in  contact  with  metallic  copper  will  dissolve  more  readily  than 
when  they  form  perfect  mixtures,  and  he  brings  out  the  analogy  of 
the  case  of  zinc  and  copper,  which  are  very  actively  attacked  by 
atids  if  the  two  metals  remain  in  contact  with  each  other,  but  which 

"  Journal  of  the  Iran  and  Steei  InsHtutty  vol.  Ixxiv.  (1907,  II),  p.  61. 

"  Metallurgical  and  ChemicaJl  Emfintering^  vol.  ix.,  No.  9,  p.  453  (Sept.,  1911). 
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are  very  little  affected  by  the  solvent  action  of  the  acid  when  melted 
into  bars  of  brass. 

The  effect  of  atmospheric  corrosion  was  studied  by  Williams.^' 
Samples  of  Bessemer  steel  and  wrought  iron  were  frequently  dipped 
in  water  and  allowed  to  dry  in  the  air.  This  operation  was  carried 
on  for  one  month.  As  the  percentage  of  copper  increased  the  loss 
decreased.     He  gives  the  following  table : 

Loss  from  Atmospheric  Corrosion, 

Loss. 
Per  Cent. 

A.  Soft  Bessemer  steel 1.85 

B.  Soft  Bessemer  steel  with  0.078  percent.  Cu 0.89 

C.  Soft  Bessemer  steel  with  0.145  percent  Cu 0.75 

B.  Soft  Bessemer  steel  with  0.263  percent.  Cu 0.74 

iS'if^€/  and  Wrought  Iron, 

Soft  Bessemer  steel .' 1.65 

Wrought  iron,  Sample  .1 , 0.76 

Wrought  iron,  Sample  2 0.80 

Wrought  iron,  Sample  3 0.87 

Wrought  iron,  Sample  4  (containing  0.393  per  cent.  Cu. ) O.o3 

His  results  with  copper  steels  are  comparable  with  those  of  Howe'- 
upon  nickel  steel. 

Buck*^  has  made  an  elaborate  and  convincing  investigation  of  the 
effect  of  atmospheric  corrosion  upon  steels  containing  small  percent- 
ages of  copper.  In  order  that  the  conditions,  except  the  copper  con- 
tent, should  be  the  same  in  all  cases,  copper  was  added  to  portion.-? 
of  three  heats,  while  the  other  portions  were  poured  directly  into 
ingot  molds.  The  steel  was  made  by  the  basic  open-hearth,  ba^ic 
open-hearth  (rephosphorized),  and  Bessemer  processes.  The  steel 
to  which  copper  was  added  actually  contained  0.15,  0.24,  and  0.34 
per  cent,  of  copper  respectively.  The  steel  was  rolled  into  the  regu- 
lation 16  and  27  gauge  corrugated  sheets.  In  addition  there  were 
purchased  in  the  open  market  16  and  27  gauge  sheets  which  con- 
tained from  0.06  to  0.07  per  cent,  of  copper. 

Several  sheets  of  each  grade  were  placed  in  roofs  at  testing  stations 
located  in  the  Pennsylvania  coke  regions,  where  the  air  contains  sul- 
phuric and  sulphurous  acids  and  unprotected  roofs  corrode  very  rap- 
idly ;  at  the  sea  shore,  where  the  air  contains  salt ;  and  in  a  rural 
district  where  the  air  was  free  from  corrosive  agencies. 

"  In  every  case  the  steels  with   copper  additions  have  shown  a 

*•  Iron  AgCj  vol.  Ixvi.,  No.   22,  p.   16  (Nov.  29,  1900) ;   also  Engineering  and  Mining 
Journal,  vol.  Ixx.,  No.  23,  p.  667  (Dec.  8,  1900). 
^  Metallurgy  of  Steel,  p.  371  (1890). 
•*  Journal  of  Industrial  and  Engineering  Chemistry,  vol.  v.,  No.  6,  p.  447  (June,  1913). 
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marked  redistance  to  corrosion  as  compared  with  the  non-copper 
steels,  having  on  the  average  nearly  twice  the  life.  There  appears 
to  be  very  little  difference  between  the  grades  containing  0.15  copper 
and  those  with  0.24  to  0.34,  while  the  material  with  low  carbon  and 
manganese  and  with  0.06  to  0.07  copper  takes  an  intermediate  posi- 
tion between  the  copper-bearing  steels  and  those  without  copper." 

Accelerated  acid  tests  were  made  on  2  by  4  in.  test  pieces,  cut  from 
the  same  sheets  as  were  used  for  the  atmospheric  corrosion  tests,  with 
25  per  cent,  sulphuric  acid  at  35°  C.  "  The  copper-bearing  Open- 
Hearth  and  Bessemer  steels  resist  the  acid  from  50  to  100  times  as 
well  as  the  non-copper  steels,  and  within  the  limits  of  the  copper  con- 
tent of  the  steels  used  in  this  test,  the  resistance  to  the  acid  is  directly 
proportional  to  the  amount  of  copper  present.  In  this  regard  the 
acid  tests  differ  from  the  actual  weather  tests." 

Burgess  and  Aston**  have  investigated  the  corrodibility  of  a  num- 
ber of  alloys  of  electrolytic  iron  with  other  metals,  in  the  making  of 
which  every  precaution  was  taken  to  exclude  other  impurities.  In 
their  series  of  alloys  of  electrolytic  iron  with  copper,  the  copper  con- 
tent ranged  from  0.089  to  7.05  per  cent.  All  of  these  show  a  high 
resistance  to  attack  by  acid,  and  also  a  low  atmospheric  corrosion  for 
the  whole  series,  and  it  is  of  particular  interest  to  note  the  beneficial 
results  from  even  small  additions  of  copper.  "  The  quality,  both 
mechanically  and  from  the  corrosion  point  of  view,  is  entirely  com- 
parable with  that  resulting  from  the  use  of  corresponding  amounts  of 
nickel  and,  of  course,  there  is  a  materially  lessened  cost  for  the 
addition." 

Microstracture, — Two  series  of  specimens  were  prepared  for  micro- 
scopic examination,  one  with  the  steel  as  forged,  and  the  other  an- 
nealed. The  annealing  was  done  at  a  temperature  of  820°  C.  and  at 
the  same  time  that  the  bars  were  annealed  for  the  annealed  tensile 
test  pieces.  The  etching  agent  employed  was  a  10  per  cent,  solution 
of  concentrated  nitric  acid  in  absolute  alcohol.  In  the  case  of  some 
of  the  higher-copper  alloys  a  subsequent  application  of  a  saturated 
solution  of  iodine  in  absolute  alcohol  was  necessary.  The  specimens 
were  polished  and  etched  and  the  photographs  were  taken  by  H.  M. 
Boylston  in  the  laboratory  of  Sauveur  &  Boylston,  Cambridge,  Mass. 

Upon  examination  of  the  micrographs,  Figs.  6  to  21,  it  will  be  seen 
that  in  the  case  of  the  unannealed  specimens  the  ferrite  is  permeated 
with  filaments  of  cementite  more  or  less  in  proportion  as  the  percent- 
age of  copper  increases.  Larger  patches  of  free  ferrite  appear  in  the 
*^}»ecimens  with  decreasing  copper  content  and  the  pearlite  is  less 

"  Journal  of  Induttrial  and  Engineering  Chemistry,  vol.  v.,  No.  6,  p.  458  (June,  1913). 
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Fio.  6.— Spbciugh  AO. 


Fio.  7.— Specimen  AOA, 
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Fio.  8.— Spigihbh  AO.25. 
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Pra.  10.— Spbcimen  AO.6. 


Fio.  11.— Specimen  A0.5A. 
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Fia.  12  — Specimbn  A1. 


Fio  13.— Specimes  AlA. 
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Fig.  14.— Specimen  A2. 


Fia.  15.— Sfecihen  A2A. 
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Fia  ]6.— Spbcimen  A3. 


Fio.  17.--SpEcrMKM  .\3.A. 
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Fio.  16.— Specimkn  A4. 


Fig.  19.— Specimbn  A4A. 
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Fio.  20.~8pb(iiheh  A6.  X  100. 


Fio.  21.— Spbcjmbs  ASA.  X  100. 
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evenly  distributed.    Iq  the  annealed  specimens  the  influence  of  copper 
is  not  80  marked  as  in  the'unannealed  specimens. 

With  rapid  or  moderately  rapid  cooling  copper  appears  to  favor  the 
formation  of  finer-grained  pearlite,  or,  to  use  the  words  of  Stead,^ 
"more  diffused  carbide."  This  tendency  increases  with  increasing 
percentages  of  copper.  This,  together  with  the  hardening  effect 
upon  the  ferrite  of  the  copper,  explains  the  greater  hardness  of  coi^ 
per  steels.  In  the  annealed  specimens  the  tendency  to  reduce  tlie 
size  of  the  pearlite  grains  is  not  so  marked. 

Up  to  a  certain  limit,  copper  forms  with  iron  a  homogeneous  alloy 
which  is  hardly  distinguishable  under  the  microscope  from  pure  iron. 
Above  this  limit,  it  appears  as  metallic  copper  enveloping  the  grains 
of  ferrite. 

Stead**  says  that  the  maximum  amount  of  copper  which  forms  a 
homogenous  alloy  with  pure  iron  is  8.0  per  cent.  This  alloy  appea^ 
perfectly  "free  from  copper-coloured  constituent  when  examinetl 
under  the  microscoscope."  The  amount  of  copper  which  will  harden 
the  ferrite  in  steels  will  depend  upon  the  amount  of  iron  that  remain.- 
in  excess  of  what  goes  to  form  cementite  with  the  carbon  present,  or, 
in  other  words,  the  amount  of  pure  iron  that  is  free  to  alloy  with 
copper.  Hence,  all  other  conditions  being  equal,  the  greater  the  per- 
centage of  carbon  in  a  steel,  the  less  the  amount  of  copper  it  i> 
capable  of  taking  up  in  solution.  Accordingly,  the  amount  of  copper 
must  be  less  in  proportion  as  the  carbon  in  the  steel  increases,  in  order 
that  an  alloy  which  is  homogenous  is  formed.  The  maximum  amouut  of 
copper  is  limited  for  steel  by  its  carbon  content,  and  if  the  copper  ex- 
ceeds this  maximum  amount  metallic  copper  becomes  apparent  in  the 
steel.  Stead  ^  also  found  that  in  such  cases, "  fracture  generally  follows 
the  cupreous  envelopes,"  which  apparently  afford  planes  of  weaklle^^. 
Thus  excess  of  copper  would  be  a  source  of  weakness  rather  than  of 
strength.  Breuil  ^*  says  that  "  the  presence  of  copper  increases  the 
quantity  of  pearlite  in  the  steels,  and  to  some  extent  it  causes  the 
steels  to  be  more  highly  carburised,  and  consequently  harder.  With 
copper  up  to  4.0  per  cent,  these  steels  contain  no  free  copper,  thai 
element  being  in  solution  in  the  iron." 

Copper,  in  fact,  acts  in  a  two-fold  manner,  as  has  been  previously 
noted  :  1.  It  tends  to  distribute  the  carbide  more  evenly,  thus  tending 
to  produce  a  finer-grained  structure.  2.  It  hardens  the  ferrite  by  form- 
ing an  iron -copper  alloy  which  is  harder  than  pure  iron. 

^*  JouTTial  of  the  Iron  and  Steel  Institute^  vol.  Ix.  (1901,  II),  p.  119. 
•♦  Idem,  p.  112.  • 

2»  Idem,  p.  112. 
:  '«  Ifiem,  vol.  Ixxiv.  (1907,  II),  p.  41. 
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With  increasing  percentages  of  copper,  according  to  various  au- 
thorities, more  and  more  metallic  copper  makes  its  appearance, 
starting  first  with  fine  films  surrounding  the  grains  and  as  filaments 
traversing  the  crystals  of  ferrite.  This  becomes  more  and  more 
obvious  with  increasing  copper  content  until  it  takes  the  form  of 
globules  which  are  mechanically  suspended  in  the  solid  metal. 

According  to  Stead,'^  the  formation  of  these  globules  is  also  in  some 
measure  dependent  upon  the  rate  of  solidification,  being  highest  when 
rapidly  cooled  and  lowest  when  slowly  cooled.  This  produces  hetero- 
geneity in  the  structure  of  the  mass. 

According  to  Burgess  and  Aston,^  the  structure  of  copper  steels 
"isa  fine  pearlite,  with  a  fibrous  cementite  which  is  liberated  with 
increasing  copper."  This  explains  the  increasing  hardness.  The 
hardness  does  not  result  through  a  lowering  of  the  points  of  transi- 
tion. 

The  same  view  is  also  held  by  Wedding.^^ 

Critical  Points  of  the  Forged  Bars. — The  critical  points  were  deter- 
mined upon  specimens,  cut  from  the  larger  bars,  by  means  of  a 
Le  Chatolier  thermo-couple  and  a  Siemens-Halske  galvanometer  of 
the  suspension  type.  The  time  interval  was  taken  for  each  tenth  of  a 
millivolt,  by  means  of  two  stop  watches.  The  curves  for  the  eight 
specimens  are  shown  in  Fig.  22. 

One  long  arrest  is  noticeable  in  each,  corresponding  to  Ar^  or  the 
recaleseence  point.  The  point  Ar^  is  lowered  from  736°  db  5°  C.  in 
the  steel  containing  no  copper  to  644°  ±  5°  C.  in  the  steel  contain- 
ing 4.512  per  cent,  of  copper.  The  points  Ar^  and  Ar^  are  obscure 
in  all  the  curves.  This  may  be  attributed  to  the  percentage  of  carbon 
contained  in  the  steel,  as  these  three  points  are  practically  coincident 
in  steels  containing  more  than  0.30  per  cent,  of  carbon. 

Breuil^  says  that  "copper  lowers  the  recalescence  point  of  steels, 
but  does  not  lower  it  below  550°  C."  Miiller  ^^  found  that  the  arrest 
pointjs  of  iron  are  lowered  from  60°  to  80°  by  the  presence  of  copper. 
This  explains  why  a  steel  containing  copper  is  more  readily  hardened 
than  one  not  containing  that  element,  and  in  this  respect  the  effect  of 
copper  resembles  that  of  carbon,  though  to  a  less  extent. 

Tensile  Tests. — Tensile  tests  were  made  upon:  1.  Steel  as  forged, 
for  which  test  pieces  were  turned  from  the  forged  bars.  2.  Steel 
annealed.     Eight  pieces,  in  the  rough  before  turning,  were  annealed 

"  JoamcUofthe  Iran  and  Steel  IntiUute,  vol.  Ix.  (1901,  II),  p.  115. 

■*  Transaeiions  of  the  Ameriean  Eleetroehemical  Society ^  vol.  xvi. ,  p.  246  (1909). 

»  Siahl  und  EUen,  vol.  xxvi.,  No.  23,  p.  1444  (Dec  1,  1906). 

^  Journal  of  the  Iron  and  Steel  IjistttuU,  vol.  Ixxiv.  (1907,  II),  p.  13. 

»  Siahl  und  Eisen,  vol.  xxvi.,  No.  24,  p.  1493  (Dec.  15,  1906). 
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TEMPERATURES,  CENTrCRADE. 


Fig.  22. — Cooling  Curves  op  Copper  Steels. 
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in  a  gas  furnace  in  a  sealed  muffle  bo  as  to  exclude  air  so  far  as  pos- 
sible. The  temperature  was  raised  very  slowly  to  avoid  local  over- 
heating. Finally,  after  two  hours  the  maximum  temperature  of  820°, 
as  measured  by  a  Le  Chatelier  thermo-couple,  was  reached.  The 
eight  bars  were  all  annealed  at  the  same  time,  so  that  each  bar  was 
subjected  to  exactly  the  same  conditions.  The  bars  were  then 
allowed  to  cool  in  the  furnace  over  night  The  test  pieces  for  the 
second  series  of  tests  were  turned  from  this  annealed  steel.  The  test 
pieces  were  of  the  shape  and  had  the  dimensions  shown  in  Fig.  23. 
The  diameter  was  measured  accurately  three  or  four  times  at  different 
points  with  a  micrometer  gauge  and  the  mean  of  these  results  was 
taken.  An  electrically  driven  100,000-lb.  Tinius  Olsen  testing  ma- 
chine was  used  for  pulling  the  bars.  Photographic  views  of  the  test 
pieces  after  fracture  are  shown  in  Figs.  24  and  25. 

We  have  taken  the  elastic  limit  as  being  the  point  where  the  test 
piece  begins  to  show  a  permanent  set,  as  indicated  by  the  drop  of  the 
beam,  without  any  increase  of  stress.     Ultimate  strength  has  been 


Fio.  23. — Shape  and  Dimensions  of  Tbbt  Pisces. 

taken  as  being  the  maximum  stress  which  the  test  piece  sustains  with- 
out breaking,  and  the  ultimate  breaking  strength  as  the  actual  pres- 
sure exerted  upon  the  test  piece  at  the  moment  of  rupture.  Elongation 
was  measured  on  5  in.  Reduction  in  area  was  measured  at  the  point 
of  fracture. 

Table  III  gives  the  results  for  the  elastic  limit,  ultimate  strength, 
breaking  strength,  elongation,  and  reduction  in  area  for  both  the  an- 
nealed and  the  unannealed  specimens. 

The  elastic  limit  in  both  the  annealed  and  the  unannealed  specimens 
increased  steadily  with  increasing  percentages  of  copper.  Reference 
to  the  curves.  Fig.  26,  shows  that  in  the  case  of  the  annealed  steels, 
from  AO  to  A0.25,  the  increase  in  elastic  limit  is  rather  rapid  and 
then  it  becomes  more  gradual  and  more  regular.  From  Al  to  A5  the 
curve  becomes  practically  a  straight  line.  The  increase  in  the  elastic 
limit  is  greater  in  the  forged  specimens  than  in  those  annealed.  Al- 
though the  carbon  content  of  A4  is  somewhat  lower  than  that 
<*>f  AO  and  that  of  A5  is  about  the  same,  yet  the  elastic  limit  in  the 
case  of  A4  is  increased  more  than  100  per  cent,  and  in  A5  a  still 
greater  amount. 
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Table  III. — Results  of  Physical  Tests  of  Steel  as  Forged  and 

After  Annealing. 

Unannealed. 


Mark. 


AO.... 
A0.25 
A0.5.. 
Al.... 
A2.... 
^      A8.... 

A4 

A5.... 

AC... 
A0.25 
A0.«.. 

Al 

A2.... 

A8 

A4 

A5 


Copper. 
Per  Cent. 


0.0 

0.165 

0.498 

0.846 

1.857 

2.778 

8.574 

4.512 


CO  9 


51,600 
58,800 
60,800 
60.800 
84.000 
94,600 
106,500 
114.400 


52gS 

CO 


o    •«* 

a  es  hi 


Remarks. 


86,700 

20 

83.2 

99,500 

10 

8.1 

HU 

99.000 

17.5 

21.7 

^S 

97,400 

20 

29.8 

120,660 

10 

4.0 

124,800 

10 

12.8 

l| 

1 

111,800 

2.5 

0.804 

184,000 

2.6 

8.54 

Shoved  flaw  in  center. 


Annealed. 


0.0 

89,000 

75,200 

25 

54.2 

62,000 

0.165 

48.800 

93,500 

16.25 

48.25 

80,600 

0.498 

49,000 

94.000 

20 

31.4 

87,900 

0.846 

55,000 

87.1.''.0 

15 

87.6 

79,400 

1.857 

61.700 

96,600 

18.7 

87.9 

88,350 

2.778 

66.000 

80,000 

16.35 

88.4 

84,300 

8.574 

68.000 

99.980 

16.25 

87.0 

90,760 

4.512 

74,200 

110,000 

17.5 

48.8 

85.S0O 

Showed  flaw  after  bretking. 


The  ultimate  strength  curve,  Pig.  27,  rises  with  the  increase  in  the 
percentage  of  copper,  and  up  to  A2  the  general  trend  of  the  curves 
for  both  the  annealed  and  the  unannealed  specimens  is  the  same ;  at 
Al  there  is  a  marked  depression,  due  to  a  flaw  in  the  center  of  the 
test  piece.  The  break  at  A8  on  the  annealed  curve  is  rather  unex- 
pected and  appears  to  be  abnormal,  but  it  may  be  due  to  the  fact  that 
this  specimen  has  the  lowest  carbon  content  of  the  whole  series. 
A0.25  gives  a  better  ultimate  strength  in  the  unannealed  condition  than 
A0.5,  but  the  latter  gives  a  higher  value  than  the  former  although 
the  carbon  content  of  A0.25  is  greater  than  that  of  A0.5  by  nearly 
0.1  per  cent.  Al  is  appreciably  lower  in  carbon  than  its  predecessors 
and  hence  the  depression  on  both  the  curves  at  this  point..  The  be- 
havior of  A5  unannealed  is  remarkable.  It  gives  very  satisfactory 
tests  despite  the  fact  that  the  test  piece  had  a  flaw  at  the  center. 

In  general,  our  results  show  quite  close  agreement  with  those  of 
other  recent  investigators.  Within  the  limits  investigated  the  ulti- 
mate strength  appears  to  increase  almost  in  direct  proportion  to  the 
amount  of  copper  present.  The  ultimate  strength  of  AO  unannealed 
was  86,700  lb.  per  square  inch,  while  A5  gave  134,000  lb.  per  square 
inch — an  increase  of  more  than  50  per  cent.  In  the  annealed  speci- 
mens the  minimum  ultimate  strength  is  75,200  lb.  per  square  inch  in 
AO,  rising  to  110,000  lb.  per  square  inch  in  A5.  This  shows  an 
increase  of  60  per  cent. 
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The  elongation,  Fig.  28,  falls  abruptly  from  AO  to  A0.25  and  then 
increases  in  A0.5.  Al,  untreated,  has  a  better  elongation  than  A0.5, 
bat  this  is  not  strictly  comparable  on  account  of  the  unavoidable  dif- 
ference in  the  temperatures  at  which  the  specimens  were  forged. 
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Fig.  26. — Elastic  Limit  Curve. 
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Fig.  27.— Ultimate  Strength  Curve. 


The  minimum  elongation  in  the  annealed  series  takes  place  at  A2, 
after  which  it  increases  quite  steadily.  With  the  unannealed  specimens 
the  minimum  elongation  occurs  at  A4  and  A5  and  the  general  trend 
of  the  curve  shows  a  gradual  decrease  of  elongation,  which  indicates 
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that  the  steel  becomes  more  brittle  as  the  proportion  of  copper  in- 
creases. In  the  annealed  specimens  the  minimum  elongation,  13.7 
per  cent.,  was  with  A2.  A5,  containing  4.512  per  cent,  of  copper 
shows  a  much  better  elongation,  17.5  per  cent. 

Examination  of  the  results  for  the  reduction  of  area  of  the  unan- 
nealed  specimens  does  not  lead  to  any  definite  conclusion.  With  the 
annealed  specimens  the  reduction  of  area  decreases  up  to  A0.5, 
and  above  that  point  increases  and  finally  reaches  43.8  per  cent. 
in  A5. 

With  the  unannealed  specimens  the  actual  breaking  strength  in  all 
cases  was  the  same  as  the  ultimate  strength.  The  actual  breaking 
strength  in  the  case  of  the  annealed  specimens  shows  a  regular  in- 
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Fig.  28. — Elongation  Curve. 


crease  with  increase  of  copper,  except  with  Al,  which,  on  account  of 
a  flaw  in  the  center,  gave  a  lower  value  than  is  to  be  expected.  A3 
gave  a  lower  result  than  A2,  probably  on  account  of  the  lower  per- 
centage of  carbon. 

A5  shows  the  highest  elastic  limit  and  ultimate  strength,  both 
annealed  and  unannealed.  The  elongation  and  reduction  of  area  in 
the  annealed  condition  are  satisfactory,  although  they  are  not  so  good 
in  the  unannealed  condition.  A4,  annealed,  ranks  second  in  the 
series  in  elastic  limit,  ultimate  strength,  and  breaking  strength.  It 
also  shows  a  good  elongation  and  reduction  of  area,  but,  as  might  be 
expected,  it  has  a  lowerjultimate  strength  in  the  unannealed  condition 
than  A2  and  A3.     It  shows  the  minimum  elongation  and  reduction 
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of  area.  Breuil's^  4  per  cent,  copper  specimen  corresponds  rather 
closely  to  A  5  of  our  series. 

For  the  purpose  of  comparison  with  copper  steel,  a  number  of 
results  of  tensile  tests  upon  the  alloy  steels  already  in  very  general 
use  are  of  interest, 

Howe ^'' gives  the  following  results  upon  one  of  the  hardest  brands 
of  Brooklyn  chrome  steel  (chromium,  0.38;  combined  carbon,  0.90; 
mauganese,  1.89;  silicon,  0.03;  tungsteo,  0.98  per  cent): 

Tensile  StreDgth.  Elongation.  Redaction  of  Area. 

Pounds  per  Square  Inch.  Per  Cent.  Per  Cent. 

134,000  2  0 

Dohlen ^  (chromium,  0.50;  combined  carbon,  0.91  per  cent): 

Tensile  Strength.  Elongation.  Reduction  of  Area. 

Pounds  per  Square  Inch.         Per  Cent.  Per  Cent. 

122,300  15.7 

Blair  and  Smith**  (chromium,  0.38;  combined  carbon,  0.84; 
graphite,  0.01 ;  manganese,  0.22 ;  silicon,  0.09  per  cent.) : 

Tensile  Strength.  Elongation.  Reduction  of  Area. 

Pounds  per  Square  Inch.  Per  Cent.  Per  Cent. 


110,572 


■1 

This  specimen  of  chrome  steel  has  about  the  same  tensile  strength 
as  Ao  annealed. 

Manganese  steel,  forged. — Hadfield'*  (carbon,  1.60;  silicon,  0.26; 
manganese,  19.10;  phosphorus,  0.09  ±;  sulphur,  0.06  =b  per  cent): 

-Natural  State. >  Water  Toughened. 


Tensile  Strength.  Elongation.                     Tensile  Strength. 

Pounds  per  Square  Inch.  Per  Cent.                 Pounds  per  Square  Inch. 

116,480  1                              132,160 

Nineteen  per  cent  manganese  steel  with   1.6  per  cent,  of  carbon^ 

quenched  in  water,  has  less  tensile  strength  than  A5  copper  steel, 
forged. 

Xickel  steels. — ^Riley  ^ : 


^  Joitrrud  of  the  Iron  and  Steel  IwitituUy  vol.  Ixxiv.  (1907,  II),  p.  17. 

»  Metallurgy  of  Steel,  p.  76  ( 1 890) . 

"  Ledebur :  Handbuchy  p.  261  ;  also  Howe  •.  Metallurgy  of  SUel,  p.  76  (1890). 

^  Report  of  U.  S.  Board  to  Test  Iron,  vol.  ii.,  p.  590  ;  also  Howe  '■  Metallurgy  of  Steel,  p. 
76.1890). 

*  Journal  of  the  Iron  and  Steel  Institute,  vol.  xxxiii.  (1888,  II),  Excerpt  Proceedings  of  the 
Indituiion  cf  CivU  Engineers,  vol.  xciii.  (1888)  p.  40  et  seq.;  also  Howe  :  Metallurgy  of  Steel, 
p.  361  (1890). 

Engineering,  vol.  xlvii.,  p.  574  (May  17,  1889)  ;   also  Howe  :    Metallurgy  of  Steel,  p. 
370(1890). 
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Tensile  Strength,    Elastic  Limit,    Elongation  ContncUoD, 
Rolled.  Rolled.  on  4  In.         Rolled. 


Nickel. 
Per  Cent. 

Carbon. 
Per  Cent. 

Manganese. 
Per  Cent. 

Pounds  per 
Square  Inch. 

Pounds  per 
Square  Inch. 

Per  Cent. 

PerCe 

1.0 

0.42 

0.68 

129,024 

71,904 

11 

24 

6.0 

5.0 

0.34 

116,480 

69,664 

15.6 

14 

Tungsten  steel. — Howe  ^  (Mushet's  Special :    tungsten,  7.81;  car- 
bon, 1.99;  silicon,  0.09;  manganese,  0.19  per  cent.): 


Tensile  Strength. 
Pounds  per  Square  Inch. 

146,400 


Elongation. 
Per  Cent. 

0 


Hardness. — Below  are  given  the  tests  for  hardness  as  indicated  by 
the  Shore  scleroscope  upon  the  unannealed  specimens : 


steel.  Hardness. 

AO 28 

A0.25 31 

A0.6 29 

Al : 28 


Steel. 
A2..... 

A3 

A4 

A5 


Hardness. 
....  37 


37 

40 
43 


For  the  purpose  of  comparison  the  hardnesses  of  other  well-known 
steels  as  indicated  by  this  instrument  are  given. 

Annealed.  Hardened. 

Mild  steel,  0.15  per  cent,  carbon 22  30-46 

Tool  steel.  1.0  per  cent,  carbon 30-35  40-50 

Vanadium  steel 36-45  

Chrome-nickel  steel 47  60-95 

High-speed  steel 70-105 

A  rough  qualitative  test  of  the  hardness  of  our  copper  steels  was 
obtained  by  observing  their  behavior  while  being  sawed  and  turned. 
In  general,  the  unannealed  specimens  seemed  to  increase  in  hardness 
in  proportion  to  the  percentage  of  copper  present.  The  hardening 
effect  of  the  copper  was  not  very  marked  in  the  annealed  specimens, 
all  of  which  seemed  to  work  about  the  same  in  the  lathe. 

The  hardening  effect  of  copper  has  been  observed  by  all  investi- 
gators, both  early  and  recent.  The  hardening  effect  of  copper  upon 
steel,  as  has  already  been  pointed  out,  is  due  to  two  distinct  causes: 

1.  It  retards  the  formation  of  pearlite  and  hence  there  is  more  dif- 
fused cementite,  thereby  making  the  constituents  of  the  steel  finer. 

2.  It  hardens  the  ferrite  itself  by  forming  with  it  an  alloy  which  is 
harder  than  ferrite  alone. 

Stead  ^^  prepared  an  alloy  with  8  per  cent,  of  copper  and  92  per 

•*  MetaUurgiecd  Review,  vol.  ii.,  p.  441  ;  also  Howe  :  Metailurgy  of  Steel,  p.  81  (1890). 
»  Journal  of  the  Iron  and  Steellnstitute,  vol.  Ix.  (1901,  II),  p.  113. 
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ceut.  of  iron  which  was  said  to  be  as  hard  as  forged  steel  containing 
1.5  per  cent,  of  carbon. 

Roush  *^  carried  oat  hardness  determination  on  two  series  of  alloys, 
one  with  from  0.25  to  45  per  cent,  of  nickel  and  the  other  with  from 
0.1  to  8.5  per  cent,  of  copper.  They  were  tested  both  as  annealed 
and  as  forged.  The  addition  of  nickel  gave  a  maximum  hardness 
when  present  between  10  and  20  per  cent.,  while  the  addition  of  up  to 
8  per  cent  of  copper  to  iron  was  said  to  give  a  gradual  but  irregular 
increase  in  hardness. 

The  term  "  hardness  "  has  been  used  rather  loosely  without  much 
scientific  significance.  It  must  be  borne  in  mind  that  the  hardness 
we  are  dealing  with  at  present  is  different  from  the  hardness  of  the 
mineralogist.  Turner**  has  suggested  that  it  be  called  ** tensile 
hardness/'  since  it  closely  follows  the  tensile  tests. 

It  will  be  noted  that  the  results  which  we  give  for  hardness  cor- 
respond fairly  well  with  our  tensile  tests  given  in  Table  III.  The 
Brinell  tests  for  hardness  given  by  Breuil^  correspond  with  his 
tensile  tests  upon  the  same  specimens.  This  agreement  has  been 
observed  by  several  other  investigators. 

Electrical^  Magnetic^  and  Other  Properties  of  Copper  SteeL — ^We  were 
unable  to  investigate  the  eliectrical  and  magnetic  properties  of  the 
series  of  copper  steels  which  we  made ;  but  in  connection  with  our 
other  data  the  results  of  others  along  this  line  will  be  of  interest 

Burgess  and  Aston,**  experimenting  upon  the  conductivity  of 
alloys  of  iron  and  copper,  found  that  there  is  no  appreciable  change 
in  the  conductivity  of  the  alloy  up  to  a  copper  content  of  7.0  per 
cent.  The  resistance  is  slightly  greater  than  that  of  pure  iron.  With 
alloys  having  more  than  90  per  cent,  of  copper  the  resistence  is  less 
than  half  that  of  pure  iron.  The  presence  of  small  amounts  of  iron 
in  copper  greatly  lowers  its  conductivity.  Conductivity  is  increased 
by  annealing. 

Fric,^  who  investigated  the  electrical  properties  of  some  of  the 
steels  made  by  Breuil,  found  that  copper  increased  the  electrical  re- 
sistance but  "there  is  a  maximum  resistance  beyond  which  the  re- 
sistance ceases  to  increase." 

Stead  and  Wigham  **  give  the  following  table  for  the  relative  re- 
sistance of  cupreous  and  non-cupreous  steels  used  for  wire  making : 

*  Journal  of  the  Iron  and  Steel  InstUuUy  vol.  Ixxxii.  (1910,  II),  p.  616. 
"  Idem,  vol.  Ix.  (1901,  II),  p.  139. 
"  Idem,  voL  Ixxiv.  (1907,  II),  p.  35. 

*'  Tranitactions  of  the  American  Electrochemical  Society ,  vol.  xx.,  p.   205  (1911)  ;    also 
Meiallurfficai  aTid  Chemical  Engineering,  vol.  viii.,  No.  2,  p.  79  (Feb.,  1910). 
**  Joia-nalofthelron  and  Steel  Institute,  vol.  Ixxiv.  (1907,  II).  p.  70. 
**  Idem,  vol.  Ix.  (1901,  II),  p.  J135. 
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Resistance 

per  Mile.  Relative  Reslatance. 

Ohms.  Nonnal.  Cupreous. 

^ " 1399.2 1  jQ^  ^^.Q 

B,  Cupreous. 1499.6/ 

^ 1269.3  >  jQQ  gg^ 

D,  Cupreous 1318.9) 

?••" llll'l  \  100  99.8 

F,  Cupreous 1267.5  i 

G 1320.0 

J,  Cupreous 1264 

N 1437.9 

X,  Cupreous 15b0.6 


.0\ 

7 ;  100  95.8 

}  100  110.0 


In  two  cases  copper  effected  an  increase  and  in  three  cases  a  de- 
crease in  the  electrical  resistance.  However,  they  were  not  very  sure 
of  their  results.  The  samples  investigated  were  No.  25  gauge  copper 
steel  wire  and  the  conductivity  was  measured  at  70°  F. 

Dillner  ^  found  that  the  magnetic  properties  of  iron  are  not  affected 
by  0.64  per  cent,  of  copper,  which  decreases  the  conductivity  of  the 
iron  as  of  other  metals. 

Brown,^^  determinations  of  the  densities  and  specific  heats  of  some 
alloys  of  iron,  found  that  copper  decreases  the  specific  volume  (recip- 
rocal of  density)  about  0.0005  cc.  for  every  1  per  cent,  of  added  copper, 
but  the  specific  volume  of  the  alloy  is  not  changed  to  any  appreciable 
extent  by  further  additions  of  copper  up  to  about  4  per  cent.  Specific 
heat  of  iron  with  high  percentages  of  carbon  is  not  changed  by 
chromium,  cobalt,  and  copper  when  added  separately. 

Conclusions. 
The  following  conclusions  are  given  as  a  result  of  our  work  upon 
copper  steel. 

1.  In  making  copper  steel  by  the  crucible  process  it  is  necessarj'  to 
"  kill  "  the  metal  before  adding  the  copper,  and  just  before  pouring 
it  is  advisable  to  add  a  small  amount  of  some  deoxidizing  agent 

2.  In  forging  the  ingots,  containing  from  0.487  to  0.605  per  cent, 
of  carbon,  traces  of  "  red-shortness  "  began  to  be  shown  with  a  copper 
content  of  4.512  per  cent.  Up  to  this  point  the  steel  forged  about 
like  machine  steel. 

8.  Up  to  0.846  per  cent,  of  copper  our  steels  gave  satisfactory  welds. 
At  1.857  per  cent,  the  weld  was  much  weaker  and  above  this  point 
the  steel  could  not  be  welded. 

4.  There  appears  to  be  a  marked  tendency  for  copper  to  eliminate 
sulphur. 

^  Stahl  und  Eisen,  vol.  xxvi.,  No.  24,  p.  1493  (Dec  16,  1906). 

"  Scientific  Transactions  of  the  Royal  Dublin  Society,  p.  68,  Aug.  23,  1907. 
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5.  In  the  series  of  steels  studied  the  segregation  of  copper  toward 
the  bottom  of  the  ingot  begins  to  be  slightly  noticeable  with  0.846 
per  cent,  of  copper.  With  2.773  per  cent,  of  copper  the  segregation 
is  more  noticeable  and  with  4.512  per  cent,  of  copper  it  is  very 
marked. 

6.  The  presence  of  small  percentages  of  copper  up  to  0.493  per 
cent,  has  a  most  marked  effect  in  preventing  the  corrosion  of  steel 
bv  dilute  sulphuric  acid.  As  the  percentage  of  copper  increases,  the 
loss  by  corrosion  increases  until  with  2.773  per  cent,  of  copper  the 
loss  is  greater  than  when  the  steel  does  not  contain  copper. 

7.  As  the  percentage  of  copper  increases  the  structure  becomes 
finer,  due  to  the  more  even  distribution  of  fibrous  cementite.  This  is 
more  apparent  in  the  forged  than  in  the  annealed  specimens. 

8.  The  point  Ar^  was  lowered  from  730°  C.  in  the  steel  containing 
no  copper  to  635®  C.  in  the  steel  containing  4.512  per  cent,  of  copper. 

9.  The  elastic  limit  in  both  the  annealed  and  the  unannealed  speci- 
mens increases  steadily  until  with  4.512  per  cent,  of  copper  it  was  in- 
creased more  than  100  per  cent,  over  that  of  steel  containing  no  copper. 

Within  the  limits  investigated  the  ultimate  strength  appears  to 
increase  almost  in  direct  proportion  to  the  amount  of  copper  present 

With  the  unannealed  specimens  the  actual  breaking  strength  in 
all  cases  was  the  same  as  the  ultimate  strength.  The  actual  breaking 
strength  in  the  case  of  the  annealed  specimens  shows  an  increase 
with  the  increase  of  copper. 

In  the  annealed  specimens  the  elongation  is  somewhat  irregular, 
but  in  general  decreases  up  to  1.857  per  cent,  of  copper  and  then 
increases  and  reaches  a  maximum  at  4.512  per  cent,  of  copper. 

The  general  tendency  in  the  annealed  specimens  is  to  decrease  the 
elongation  up  to  1.85  per  cent,  of  copper  and  then  up  to  4.512  per 
cent,  of  copper  to  gradually  increase  it.  In  the  unannealed  speci- 
mens the  general  tendency  is  to  decrease  the  elongation  throughout 
the  series. 

10.  The  hardness  of  the  steel  increases  with  increasing  copper  con- 
tent and  corresponds  fairly  well  with  the  tensile  tests. 

Bibliography  and  Symposium  of  Opinion. 
Arranged  Chronologically, 

1.  Louis  Savot  (1627)  [Jowr,  L  and  S,  InsL,  18S9, 1,  p.  130]  stated  in  his  book  that  copper 
made  iron  brittle,  and  mentioned  the  difficalties  experienced  by  "smiths''  in  working 
iron  containing  copper.  He  referred  to  a  still  older  authority,  Budelius,  who  held 
that  copper  rendered  iron  incapable  of  being  welded. 

2.  JaiB  (1774)  [Voyages MitaUurgiqueSf  Lyons,  1774,  vol.  i.,  p.  4  ;  also  Ball  and  Wingham, 
Jour.  L  andS,  IruL,  18S9,  I,  p.  123]  comments,  '*  It  is  generally  thought  that  copper 
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is  a  pest  for  iron/'  but  he  adds  that  he  had  been  told  by  Cramer  that  the  quality  of 
iron  was  improved  bj  small  quantities  of  copper,  and  that  even  1  per  cent  of  copper 
had  no  deleterious  effect  on  the  welding  properties  of  the  metaL 

8.  Binmann  (?)  [Percy's  Iron  and  Sled,  1864,  p.  147]  strongly  heated,  in  a  blastfurnace, 
a  crucible  containing  a  mixture  of  5  parts  of  iron  and  1  part  of  copper.  It  was  hard 
and  tough  and  could  only  be  broken  with  difficulty.  He  says  '*  it  cannot  be  denied 
that  the  presence  of  copper  in  bar-iron  causes  incurable  red-shortne89." 

4.  Faraday  and  Stodart  (1820)  [(iuarU  Jtmr,  of  Science,  Lit.  and  the  Arts,  9,  p  329, 1820; 

also  Philoa,  Tram.,  1822,  p.  266]  melted  steel  with  2  per  cent,  of  copper,  but  the 
quality  of  the  metal  did  not  appear  to  have  improved  at  all. 

5.  Musbet  (1835)  IPhiL  Mag.,  6, 1836,  p.  81]  found  that  a  50  per  cent,  alloy  of  copper  with 
malleable  iron  possessed  great  strength,  becoming  harder  with  an  increasing  percent- 
age of  iron.  Steel  melted  with  5  p^r  cent  of  copper  was  considerably  hardened  hot 
could  not  be  forged.  He  concluded  as  a  result  of  his  experiments  that  copper  unites 
with  iron  more  freely  as  the  percentage  of  carbon  decreases. 

6.  Stengel  (1837)  [Karaten^a  Archiv.,  10,  1837,  p.  714  ;  also  Percy,  Iron  and  Sted,  p.  151] 
states  that  a  much  smaller  percentage  of  salphur  than  of  copper  will  make  iron  red- 
short  and  that  0.1  per  cent,  of  sulphur  is  more  injurious  to  the  mechanical  properties 
of  iron  than  0.75  per  cent,  or  more  of  copper. 

7.  Karsten  (?)  [EwenhiUtenkunde,  I,  p.  498  ;  also  Percy,  Iron  and  Steel,  p.  148]  stated  that 
iron  would  take  up  but  a  very  small  amount  of  copper,  which  made  it  red-short. 

S,  Longmaid  (1861)  [Patent  No.  1863,  A.  D.  1861]  was  said  to  have  a  patent  for  an  tlloT 
consisting  of  2.5  to  10  lb.  of  copper  to  1  ton  of  iron,  which  was  supposed  to  poasese 
unusual  hardness. 

9.  Eggertz  (1862)  [Jahres  Bericht,  Wagner,  1862,  p.  9 ;  also  Percy,  Iron  and  Steel,  pp.  149, 
153 ;  also  Howe,  MeL  (^  Steel,  p.  88]  found  that  wrought  iron  containing  0.5  per  cent. 
of  copper  showed  only  traces  of  red-shortness. 

10.  Percy  (1864)  [Percy's  Iron  and  Steel,  1st  Ed.,  p.  149]  who  experimented  with  allojE 
of  iron  and  copper,  states  that  the  two  metals  are  miscible  in  all  proportions. 

11.  Willis  (1880)  [Jour.  L  and  S.  InsL,  1880,  I,  p.  93]  found  that  0. 1  per  cent,  of  copper 
did  not  produce  any  appreciable  effect  on  the  quality  of  steel. 

12.  Wasum  (1882)  [Stahl  ii.  Eisen,  1887,  p.  193;  Jour,  of  the  Cheni.  Soc.,  1883,  p.  404; 
Jour.  I.  and  S.  Inst.,  1882,  I,  p.  369 ;  also  E.  and  M.  Jour.,  1884,  vol.  xxxviii,  p.  5] 
made  experiments  in  which  he  investigated  the  effect  of  copper  alone,  sulphur  alone, 
and  the  two  together  upon  steel.  He  concluded  that,  up  to  0.862  per  cent,  copper 
did  not  develop  a  trace  of  red-shortness.  Copper  and  sulphur  combined  did  not 
appear  to  produce  red-shortness  unless  the  percentage  of  sulphur  is  sufficient  itself  to 
cause  it.    He  regarded  from  0.15  to  0.16  per  cent,  as  the  limit  for  sulphur. 

13.  Choubley  (1884)  IBvlletin  delaSoeiiti  de  V Industrie  Min^raie,  xiii.,  205  ;  Jour.  I.  and  S. 
Inst,  1884,  I,  p.  248 ;  also  E.  and  M.  Jour.,  1884,  vol.  xxxviii.,  p.  5]  confirms  the 
observation  of  Wasum  on  the  rolling  qualities  of  copper  steel,  and  found  that  even 
1  per  cent,  of  copper  in  the  absence  of  sulphur  did  not  produce  red-shortness. 

14.  Holtzer  (1889)  [Howe,  Met,  of  Steel,  p.  368  ;  also  E.  and  M.  Jour.,  1890,  vol.  1,  p.  426] 
exhibited  some  copper  steels  at  the  Paris  Exhibition  of  1889  containing  from  3  to  4 
per  cent,  of  copper.  They  were  remarkable  for  extremely  high  elastic  limit,  especiallj 
of  the  hardened  bars,  which  went  up  to  142,228  lb.  per  sq.  inch. 

15.  Brustlein  (1889)  [Howe,  MeL  of  Steel,  p.  368  ;  also  E.  and  M.  Jour.,  1890,  vol.  1,  p. 
426]  says  that  steels  with  more  than  1  per  cent  of  copper  were  decidedly  red-short  and 
had  no  future,  that  copper  did  not  make  a  thorough  mixture  with  steel,  and  that  it 
favored  the  formation  of  blow-hole^. 

16.  Ball  and  Wingham  (1889)  [Jour.  L  and  S.  Inst.,  1889,  I,  p.  123 ;  also  Jour.  FranJdin 
InsL,  July,  1890,  p.  35]  observed  in  the  course  of  their  experiments  that  the  presence 
of  carbon  seemed  to  favor  the  more  intimate  mixture  of  copper  with  iron.  Some  of 
their  specimens  with  small  percentages  of  carbon  and  copper  worked  well  both  cold 
and  hot     They  found  that  copper  makes  iron  and  steel  extremely  hard,  and  that 
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"within  certain  limits  copper  does  not  prejadtciallj  affect  the  mechanical  properties 
of  steel." 

17.  Riley  (1890)  [Joar.  /.  oimI  S,  InsL,  1890,  I,  p.  123]  observes  that  copper  is  not  reallf 
alloyed  with  iron,  but  exists  disseminated  throughout  the  metal.  If  aluminum  is 
used  in  making  the  alloy,  a  perfect  mixture  is  obtained. 

18.  Schneider  (1890)  [E,  wnd  M,  Jour.,  1890,  vol.  1.,  p.  426]  obtained  a  patent  upOn  a 
method  of  alloying  copper  with  steel.  His  alloys  were  remarkable  for  great  strength, 
tenacity,  and  malleability.  They  were  claimed  to  be  special  I  j  useful  in  the  manu- 
factare  of  ordnance,  armor  plate,  gun  tubes,  projectiles,  etc .  These  alloys  contained 
between  5  and  20  per  cent  of  copper. 

19.  Baaerman  (1890)  [TVetOtae  on  MeL  of  Irony  p.  50,  ed.  1890]  says  that  copper  and  iron 
can  be  melted  together  in  all  proportions,  but  doubts  the  formation  of  a  homogeneous 
alloy 

20.  Scranton  (1891)  [Howe,  Met.  of  Steel,  p.  83.  ed.  1891  ;  also  Garrison,  Jowr.  Franklin 
Inst.,  Aug.,  1891,  p.  125],  of  the  Scranton  Steel  Works,  is  said  to  be  habitually  man- 
afactaring  Bessemer  T  rails  with  0.50  to  0.66  per  cent  of  copper  which  are  not 
red-short 

21.  Howe  (1891)  [Met.  of  Steel,  p.  82,  1891]  declares  that  iron  and  copper  unite  in 
all  proportions,  and  the  alloys  of  iron  with  small  amounts  of  copper  are  said  to  be 
homogeneous.  He  also  states  that  the  effect  of  copper  resembles  that  of  sulphur  to 
render  steel  red-short  and  incapable  of  being  welded. 

22.  Garrison  (1891)  [Jour.  Franklin  fnsL,  Aug.,  1891,  p.  121]  hopes  for  a  very  extensive 
use  of  copper  steel  in  the  arts  and  manufactures  in  view  of  its  high  elastic  limit  com- 
bined with  a  considerable  elongation.  He  aays  that  0.5  per  cent  of  copper  will  alloy 
with  sieel  without  difficulty,  but  it  is  doubtful  if  10  per  cent,  would  make  a  homoge- 
neous alloy. 

23.  Hogg  (1893)  [Jour,  of  Soc  of  Oiem.  Industry,  vol.  zii,  p.  236  ;  also  Jour.  I.  and  S, 
Inst.,  1893,  I,  p.  388]  found  that  copper  does  not  tend  to  segregate  In  steeL 

24.  Arnold  (1B94)  [Jour.  I.  and  S.  Inat.,  1891,  I,  p.  107]  had  no  difficulty  in  hammering 
an  ingot  with  0. 1  percent  of  carbon  and  1.8  per  cent  of  copper.  He  states  that 
copper  has  a  greater  influence  than  manganese  in  raising  the  elastic  limit 

2.5.  Colby  (1899)  [Jour.  I.  and  S.  InsU.,  1900,  1,  p.  412 ;  also  Iron  Age,  Nov.  9, 1899,  pp. 
10-1 1]  states  that  small  percentages  of  copper  have  no  deleterious  effect  upon  steel. 
He  made  propeller  shafts  for  U.  S.  battleships  and  gun  tubes,  by  forging  steel  contain- 
ing copper,  which  fulfilled  the  specifications  of  the  government  The  tensile  strength 
was  not  less  than  75,000  lb.  per  square  inch,  combined  with  an  elastic  limit  of  not  less 
than  36,000  lb.  per  square  inch  and  an  elongation  of  20  per  cent  in  length  of  2  in.  It 
stood  bending  fairly  well  and  could  be  successfully  welded.  The  copper  content  of 
his  steel  was  0.565  per  cent 

26.  Williams  (1900)  [Iron  Age,  Nov.  29,  1900  ;  also  E.  and  M.  Jour.,  vol.  Ixx.,  1900,  p. 
667]  experimented  upon  the  atmospheric  corrosion  of  copper  steel  and  came  to  the 
conclasion  that  the  loss  due  to  weathering  decreases  with  the  increase  of  the  copper 
content. 

27.  Lipin  (1900)  [^ahl  u.  Eiaen,  vol.  xx.,  pp  536-541  and  683-590  ;  also  Jour.  I.  and  S. 
Intf.y  1900,  II,  p.  551]  observed  that  copper  increases  the  fluidity  of  steel  and  makes  it 
more  and  more  crystalline  at  the  fracture.  He  found  steel  to  be  red-short  when  the 
copper  reached  4.7  per  cent.  He  is  of  the  opinion  that  tool  steel  may  contain  copper 
ap  to  1  per  cent  and  and  suggests  the  quenching  of  cupreous  tool  steels  in  oil  instead 
o!  water  in  the  process  of  hardening.  He  concludes  that  the  presence  of  copper  need 
not  cause  apprehension,  although  there  may  not  be  any  advantage  in  its  presence.  He 
also  found  that  as  the  percentage  of  carbon  increased,  the  proportion  of  copper  must 
be  reduced,  otherwise  the  metal  cracked  during  working. 

28.  Ruhfus  (1900)  [StaU  a.  Eisen,  vol.  xi.,  p.  691  ;  also  Jour.  I.  and  S.  Inst.,  1900,  II,  p. 
554]  gives  from  0.4  to  0.5  per  cent  of  copper  as  the  limit  beyond  which  red-shortness 
becomes  evident. 
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29.  Stead  and  Evans  (1901)  [Jour,  L  and  S,  Inat.,  1901,  I,  p.  89]  concluded  as  the  result 
of  their  investigations  that  '*  Copper  has  no  more  right  to  have  the  character  of  mak- 
ing steel  red-short  than  carbon,"  that  "  between  0.5  and  1.3  per  cent  copper  had  no 
deleterious  effect  on  either  the  hot  or  cold  property  of  steel/'  and  that  *'a  verj  large 
amount  (2.0  per  cent.)  makes  the  steel  more  liable  to  be  over-heated "  In  small 
quantities  it  slifirhtly  raises  the  tenacity  and  the  elastic  limit. 

30.  Stead  and  Wigham  (1901)  [Jbtir.  /.  and  S.  InsLy  1901,  II,  p.  122]  experimenting  on 
the  effect  of  copper  on  steel  for  wire  making,  found  that  1.28  per  cent,  of  copper  has 
apparently  no  effect  when  the  copper  content  is  low.  They  think  that  the  copper- 
iron  portion  of  the  steel  is  distributed  unequally  and  may  have  more  deleterious  effect 
on  the  mechanical  properties  of  the  steel  in  proportion  as  the  carbon  content  is  higher. 
They  are  of  the  opinion  that  copper  in  higher-carbon  steel  for  wire  making  should  be 
avoided.     They  also  found  that  copper  helps  to  retard  the  corrosion  in  steels. 

31.  Stead's  (1901)  [Jour,  I,  and  S,  In^t.,  1901,  II,  p,  104]  exhaustive  research  on  copper 
and  iron  alloys  proves  that  the  amount  of  carbon  present  in  the  iron  determines  the 
amount  of  copper  that  can  be  alloyed  with  it ;  that  some  of  the  copper  is  held  me- 
chanically suspended  in  the  alloy  in  the  form  of  globules,  and  this  depends  on  the  rate 
of  solidification  of  the  alloy.  He  concludes  that  '^  Copper  in  foundry  iron  need  not 
be  feared,  as  its  only  effect  appears  to  be  that  of  raising  its  tenacity." 

32.  Wigham  (1906)  [Jour,  L  and  S.  Inst,  1906,  I,  p.  222].  In  America  and  Germanj 
steels  which  contain  appreciable  amounts  of  copper  have  been  used  for  different 
purposes. 

33.  Wigham  (1906)  [Jour,  I,  andS,  Iwfl,,  1906,  I,  p.  222]  believes  that  copper  is  very  dif- 
ficult to  alloy  with  steel.  In  steel  it  is  not  of  practical  value  to  use  more  than  0.6 
per  ceut,  and  that  copper  up  to  0.25  per  cent  is  no  disadvantage  in  the  making  of 
the  best  classes  of  steel  wire. 

34.  Pfeiffer  (1906)  [MetaUurgie,  vol.  iii.,  pp.  281-287  ;  also  Jour.  L  and  &  IntL,  1906,  IV, 
p.  908]  thinks  that  copper  remains  suspended  in  fine  particles  throughout  the  mass 
of  metal  and  that  copper  is  liable  to  be  injurious  when  it  exists  in  sufficient  quantities 
to  cause  non-uniformity  in  the  structure  of  the  metal. 

35.  Dillner  (1906)  [SiaM  u,  Eiaen,  Dec.,  1906;  Bikang  till  Jemkantorett  Annaler,  1906, 
pp.  357-378;  al^  Kungl,  Tekniaka  HogMUins  Matmal-profningMnstall,  1896-1906, 
Stockholm,  Lindst&hl]  observed  that  0.62  per  cent  of  copper  is  entirely  harmless  in 
a  soft  steel,  although  it  increases  the  brittleness  of  a  hard  steel.  Steel  containing  1 
per  cent,  of  carbon  and  more  than  3  per  cent,  of  copper  is  not  capable  of  being  rolled. 

36.  Miiller  (1906)  [Wedding,  Slahlu.  Eisen,  Dec,  1906]  established  the  fact  that  iron  con- 
taining 0.14  per  cent  of  carbon  was  capable  of  alloying  in  all  proportions  with  copper. 
He  also  found  that  within  certain  limits  copper  acts  beneficially  ;  it  diminishes  the  mal- 
leability, also  the  tendency  to  red-shortness.  It  raises  the  fusibility  and  the  fluidity 
and  increases  the  hardness  and  tensile  strength.  He  also  found  that  the  absorption 
of  carbon  takes  place  more  energetically  with  increasing  percentage  of  copper.  Iron 
originally  rich  in  carbon  is  not  in  condition  to  r^eive  more  than  4.75  per  cent  of 
copper. 

37.  Campbell  (1907)  [Tha  Manuf.  and  Prop,  of  Iron  and  Sted,  1907,  p.  358]  says  that  most 
of  the  Bessemer  and  open-hearth  steels  mentioned  in  his  book  contained  from  0.3  to 
0.5  per  cent  of  copper.  "  This  will  be  sufficient  proof  that  the  best  steel  may  contain 
up  to  1.0  per  cent,  of  copper  without  being  seriously  affected,  but  if  at  the  same  time 
sulphur  is  high,  say  O.OS  to  0.1  per  cent,  the  cumulative  effect  is  too  great  for  molec- 
ular <;ohesion  at  high  tem))eratures  and  it  cracks  in  rolling."  He  found  no  difference 
in  the  ultimate  strength  of  steels  with  high  or  low  copper  content.  *'  The  high  copper 
gives  a  slightly  higher  elastic  ratio  which  is  a  benefit  and  a  better  elongation  and  re- 
duction of  area. 

38.  Breuil  (1907)  [Jowr.  I,  and  S.  Inst,  1907,  H,  p.  1]  mentions  that  Vanderheym,  Engi- 
neer of  the  Paris,  Lyons,  and  Mediterranean  Railway  Co.,  had  ''observed  the  favor- 
able influence  exerted  by  the  presence  of  copper  on  certain  steels,  notably  those  em- 
ployed for  the  axles  of  railway  vehicles." 
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39.  Breail  (1907)  {Jour.  L  and  S.  InU.,  1907,  II,  pp.  4->46 ;  also  Obmptes  Rendus,  vol. 
cxlii.,  pp.  1421-1424]  concludes  his  long  and  exhaustive  research  by  the  following 
statement :  "  copper  steel  remains  commerciallj  serviceable  up  to  about  4  per  cent,  of 
copper.''  The  property  of  satisfactory  rolling  is  sacrificed  with  percentages  of  copper  ex- 
ceeding 4  per  cent  Copper  steels  have  greater  tensile  strength  with  increasing  amounts 
of  copper  and  this  is  most  noticeable  in  the  case  of  mild  steels.  Copper  steels  equal, 
from  the  point  of  view  of  tensile  strength,  nickel  steels,  and  would  be  less  costly  than 
the  latter.  Copper  steels  are  not  more  brittle  than  nickel  steels.  **  What  is  particu- 
larly advantageous  is  that  while  hardening  the  steel  the  presence  of  copper  does  not 
render  it  brittle.  It  confers  upon  it  a  very  fair  deg^*ee  of  elasticity  while  leaving  the 
elongation  good,  thus  conducing  to  the  production  of  a  most  valuable  metal.'' 

40.  Sahmen  (1908)  IZeiisehrifl  fur  ariorganis^  Chemie,  vol.  Ivii.,  pp.  1-33  ;  also  Jbur.  J. 
andS.  InaLj  190S,  I,  p.  409]  holds  that  copper  and  iron  are  miscible  in  the  molten 
condition  and  that  there  are  two  series  of  mixed  crystals,  from  0.0  to  3.5  per  cent  and 
from  97.  .S  to  100  per  cent,  by  weight  of  copper  respectively. 

41.  Buigeas  and  Aston  (1909)  [Tram.  Am,  Eleelro-Chem.  Soc,  1909,  pp.  241-256;  also 
Iron  A^j  vol.  Ixxxiv.,  pp.  1476-1479]  conclude  as  the  result  of  their  investigation  of 
the  alloys  of  electrolytic  iron  and  copper  that  hardness  increases  with  increase  of 
copper  up  to  a  limit  of  from  5  to  7  per  cent.  There  is  also  increase  of  tensile  strength 
with  the  increase  of  copper.  The  alloys  up  to  2  per  cent,  of  copper  forged  well,  at 
low  heats,  from  7  to  80  per  cent,  alloys — non-forgeable.  Between  80  and  100  per 
cent,  they  forged  at  a  "  fair  red  heat."  With  less  than  5  per  cent  of  copper  the 
alloys  welded  easily.  Burgess  was  inclined  to  believe  that  the  copper-iron  alloys  were 
going  to  be  rather  corrodible  metals. 

42.  Clamer  (1910)  IJaur.  L  and  S,  IwU.,  1910,  II,  p.  515  ;  Amer.  Socfor  Testing  MateriaUy 
June,  1910]  found  that  the  nickel  in  nickel  steel  may  be  replaced  by  copper  without 
materially  altering  the  physical  properties  of  the  metal. 

43.  Sargent  (1912)  lEledro-Chem.  and  Met.  Jour.,  1910,  p.  68]  says  that  red-sh9rtnes8  is  to 
be  expected  from  additions  of  copper  to  steel  in  the  ordinary  steel  making  processes  {> 
on  account  of  the  formation  of  oxides  of  copper. 

44.  Editoral  (1912)  [J^^.  and  M,  Jour,,  1912,  vol.  xciv.,  p.  677].  Remarkable  durability  is 
mentioned  of  some  rails  on  the  New  Haven  railroad  which  upon  analysis  were  found 
to  contain  about  0.5  per  cent  of  copper.  Bails  with  0.5  per  cent,  of  copper  have  also 
been  Q«ed  on  the  Pennsylvania  road  for  a  long  time. 

45.  Buck  (1913)  IJour,  of  Industrial  and  Engineering  Chemistry^  June,  1913,  p.  447],  as 
the  result  of  an  elaborate  investigation  shows  that  steel  containing  0.15,  0.24  and  0.34 
per  cent  of  copper  withstands  atmospheric  corrosion  about  twice  as  long  and  corrosion  f  •. 
by  dilnte  sulphuric  acid  60  to  100  times  as  well  as  ordinary  steel.                                                    % 

46.  BargesB  and  Aston  (1913)  [Jour,  of  Ind,  and  Eng.  Chem,,  June,  1913,  p.  458]  investi-  t 
gated  the  corrodibility  of  alloys  of  electrolytic  iron  and  copper.     They  report  a  high                 ^ 
resistance  to  attack  by  acid  and  a  low  atmospheric  corrosion  for  the  whole  series  inves- 
tigated (copper  0.089  to  7.05  per  cent.).                                                                                             \. 

47.  Anonymous  (1913)  [E,  and M,  Jour.,  vol.  xcv.,  p.  1211,  June  14,  1913].  "Chicago, 
Milwaukee  A  St.  Paul  Ry.  officials  say  that  complete  reports  on  the  5,000  tons  of  steel 
rails,  which  the  company  ordered  last  year  with  an  alloy  of  0.6  per  cent  copper, 
which  were  laid  in  various  sections  of  the  system,  principally  in  the  Northwest,  show 
that  not  one  broken  rail  has  been  found  in  the  lot.  This  is  considered  a  remarkable 
showing.  The  company  has  ordered  10,000  more  tons  of  the  same  copper-steel  rails,  !.' 
and  if  the  result  is  similar,  will  adopt  this  rail  as  its  standard." 

Mr.  Ray's  portion  of  this  work  has  been  submitted  in  partial  ful- 
fillment of  the  requirements   for  the  degree  of   Master  of   Arts  at 
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During  the  early  stages  of  blast-furnace  practice,  the  gas  formed 
in  the  furnaces  by  the  combustion  of  the  coke  used  in  smelting  the  »  *  j 

ores  was  allowed  to  escape  into  the  atmosphere.     The  light  furnished  '    * 
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by  the  combustion  of  this  gas  as  it  reached  the  air  was  a  familiar 
sight  in  the  days  when  open-top  furnaces  were  in  vogue.  As  blast- 
furnace practice  progressed,  however,  involving  the  use  of  hot  bla^t 
and  the  development  of  power  from  the  gas,  blast-furnace  construc- 
tion was  modified  to  conserve  this  gas  for  heating  hot-blast  stoves, 
raising  steam  under  boilers,  and  various  miscellaneous  purposes. 

When  the  use  of  blast-furnace  gas  was  extended  to  the  driving  of 
gas  engines,  the  necessity  for  thoroughly  cleaning  the  gas  became 
apparent,  and  soon  the  advantages  of  also  properly  cleaning  the  gas 
for  use  in  stoves  and  under  boilers  became  more  fully  recognized. 

Reasons  for  Gas  Cleaning. 

Blast-furnace  gas  as  it  issues  from  the  stack  is  laden  with  various 
amounts  of  a  fine  gritty  dust  composed  of  particles  of  ore,  coke,  and 
limestone.  This  dust  has  a  bad  effect  in  hot-blast  stoves  and  under 
boilers,  where  a  large  proportion  of  the  gas  is  ultimately  consumed, 
as  it  reduces  the  heating  efliciency  of  the  stoves  by  clogging  up  the 
checker  openings  and  chambers  and  by  fusing  with  the  brick-work. 
It  reduces  the  efficiency  of  the  boilers  by  fouling  the  combustion 
chamber  and  by  building-up  around  the  tubes.  In  both  cases,  the 
efficiency  of  the  combustion  is  impaired  by  the  presence  of  dust  in 
the  gas. 

The  presence  of  even  small  quantities  of  dust  in  the  blast-furnace 
gas  prevents  its  economical  use  in  gas  engines  on  account  of  the  gritty 
dust  particles  cutting  the  pistons  and  cylinders  of  the  engines,  causing 
frequent  stops  for  cleaning  and  for  repairs  and  renewals.  The  sepa- 
ration of  the  dust  from  the  gas,  therefore,  becomes  a  matter  of  great 
importance  from  an  economical  standpoint  in  order  to  obtain  the  best 
results  from  the  gas. 

Thorough  cleaning  of  blast-furnace  gas  was  never  attempted  until 
the  gas  began  to  be  used  in  gas  engines,  when  the  necessity  of  devis- 
ing methods  for  removing  the  objectionable  dust  became  apparent. 
Prior  to  that  time,  each  blast-furnace  plant  handled  the  dust  in  its 
own  way  to  best  suit  the  local  conditions.  Thus,  in  England,  practi- 
cally no  attempt  was  made  to  remove  the  dust  from  the  gas,  which 
was  allowed  to  issue  directly  from  the  blast  furnaces  info  the  gas 
mains  which  conveyed  the  dirty  gas  to  the  stoves  and  boilers.  A> 
these  mains  became  clogged  with  dust,  which  condition  naturally 
occurred  at  frequent  intervals,  the  blast  furnaces  had  to  be  shut  down 
and  the  dust  removed.  The  gas  mains  were  usually  laid  underground, 
adding  to  the  trouble  and  expense  of  cleaning,  as  well  as  the  danger 
from  gas  poisoning  and  explosions. 
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First  Mbthods  of  Sbparation  of  Dust. 

In  Germany,  where  the  advantages  of  using  cleaned  blast-furnace 
gas  were  more  generally  recognized  than  in  England,  attempts  were 

made  at  first  to  separate  the  dust  from  the  gas  by  various  systems  of  -  i 

spraying  with  water  in  the  gas  mains,  but  the  resulting  slime  was 
difficult  to  handle,  and  this  method  was  not  widely  followed.  '    •^'  .   i 

It  was  noticed  that  more  dust  was  deposited  in  the  gas  mains  at 
points  where  the  direction  of  the  gas  current  changed,  or  where  the 

mains  increased  in  diameter,  and  this  led  to  the  idea  of  dry  cleaning,  »  \  •    / 

by  the  introduction  of  dust  catchers  of  large  diameter;  of  cyclone 
separators,  where  a  centrifugal  motion  was  imparted  to  the  gas  by 
arrangement  of  its  mode  of  entry  into  the  apparatus ;  and  of  zig-zag 
gas  mains,  where  the  course  of  the  gas  was  continually  changed  up 
and  down.  The  deposited  dust  could  then  be  readily  removed  by 
means  of  valves  in  the  bottom  of  the  apparatus.  Dust  catchers  of 
various  types  were  developed,  the  gas  entering  radially  or  tangentially, 
thereby  facilitating  dust  deposition  by  centrifugal  force.  A  further 
modification  allows  the  gas  to  enter  the  dust  catcher  tangentially  at 
the  top,  and  to  leave  the  dust  catcher  through  a  central  pipe  project- 
ing deep  into  the  dust  catcher.  * 

The  basic  principle  of  the  separation  of  dust  in  these  apparatus  is 
the  change  of  direction  in  the  flow  of  the  gas,  together  with  the  de- 
creased velocity  of  the  gas  in  the  dust  catchers  and  separators  due  to 
their  having  greater  transverse  sections  than  the  gas  mains. 

Amount  of  Dust  Produced  by  thb  Blast  Furnaces  of  the 
United  States  Steel  Corporation  during  1912. 

Dust  conditions  in  blast-furnace  gas  are  more  severe  in  the  United 
States  than  in  Europe  on  account  of  the  larger  proportion  of  very  fine 
ores  used  in  the  American  furnaces,  and  on  account  of  the  harder 
driving  of  the  furnaces,  which  causes  more  dust  to  be  blown  over. 
As  an  example  of  blast-furnace  practice  in  the  United  States,  during 
the  year  1912,  98  of  the  blast  furnaces  of  the  United  States  Steel 
Corporation  drew  their  ore  requirements  from  the  Lake  Superior 
district.  They  produced  18,090,411  tons  of  pig  iron,  out  of  a  total 
of  13,990,329  tons  produced  by  the  Steel  Corporation  during  the  year. 
Of  the  Lake  Superior  ores  used,  81.5  per  cent,  was  Mesabi  ore,  which 
is  physically  very  fine.  There  were  1,291,512  gross  tons  of  dust, 
containing  approximately  52  per  cent,  of  iron,  separated  from  the 
blast-furnace  gas. 

The  United  States  Steel  Corporation  has  installed  several  plants  for  •     i    i '       .    t 

briquetting  and  sintering  the  dust  separated  from  blast-furnace  gases, 
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with  the  object  of  ultimately  consuming  all  the  dust  in  the  blastfur- 
naces. Of  1,291,612  tons  of  flue  dust  produced  in  1912,  788,933  tons 
were  returned  to  the  furnaces  without  other  treatment  than  spraying  or 
soaking  with  water;  181,149  tons  were  converted  into  briquettes  and 
sinter,  and  the  greater  part  of  the  remaining  321,430  tons  was  stocked 
until  such  time  as  it  is  possible  to  use  the  material  in  some  form  or 
other. 

Dust  Content  in  Gas. 

The  gas  leaving  the  usual  dust  catcher  contains  an  average  of  from 
3  to  4  grains  of  dust  per  cubic  foot,  and  its  further  cleaning  is  accom- 
plished in  one  or  two  principal  stages,  depending  on  the  ultimate  use 
of  the  gas :  namely,  primary  cleaning  and  final  cleaning.  In  primarT 
cleaning,  the  gas  is  suflSciently  cleaned  for  economical  use  in  heating 
hot-blast  stoves  and  for  raising  steam  in  boilers ;  it  has  been  found 
that  the  best  results  are  obtained  when  the  dust  content  of  the  ga^, 
after  cleaning,  does  not  exceed  0.2  grain  per  cubic  foot.  In  final 
cleaning,  the  gas  is  sufficiently  cleaned  for  use  in  gas  engines,  and  in 
this  case  the  best  practice  has  resulted  when  the  dust  content  of  the 
gas,  after  cleaning,  does  not  exceed  0.008  grain  per  cubic  foot. 

Various  systems  and  methods  are  employed  for  accomplishing  the 
desired  results.  In  modern  practice,  the  gas  leaving  the  blast  furnace 
is,  in  practically  all  cases,  conducted  through  downcomer  mains  and 
then  through  a  dust  catcher  of  large  capacity,  and  in  some  caseji 
through  two  such  dust  catchers  in  series.  A  considerable  proportion 
of  the  heavier  dust  is  deposited  at  this  stage.  From  the  dust  catcher 
the  gas  passes  to  the  additional  cleaning  apparatus  through  ^ 
mains,  usually  equipped  with  downtakes  and  valves  for  the  removal 
of  the  deposited  dust  The  mode  of  treatment  from  this  point  on 
varies  considerably,  according  to  the  opinions  of  the  operators  as  to 
the  respective  merits  of  various  systems. 

Primary  Dry  Cleaning. 

For  primary  cleaning,  a  separation  of  the  dust  without  the  use  of 
water — in  other  words,  dry  cleaning — has  been  in  favor  at  many 
plants  on  account  of  the  ability  to  thus  conserve  the  sensible  heat  of 
the  gas,  which  is  lost  when  water  is  used.  The  fact,  however,  should 
not  be  lost  sight  of  that  the  benefit  derived  from  the  sensible  heat  of  the 
dry-cleaned  gas  is  largely  discounted  by  the  amount  of  water  vapor 
in  the  gaa.  This  is  especially  the  case  with  gas  from  blast  furnace? 
operating  with  a  high  top  temperature  and  using  ores  and  coke  con- 
taining much  moisture  existing  either  free  or  chemically  combined; 
the  water  vapor  affects  the  efficiency  of  the  combustion  of  the  gas. 
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An  additional  benefit  of  dry  cleaning  lies  in  the  greater  facility  to 
recover  and  handle  the  flue  dust  in  the  dry  state  than  in  the  form  of 
mud  or  slime  in  the  wet  cleaning  processes.  As  before  stated,  the 
basic  principles  in  practically  all  of  these  dry  cleaning  systems  depend 
upon  a  change  in  the  direction  of  the  gas,  a  reduction  in  its  velocity, 
and  the  separation  of  the  dust  by  gravity  and  centrifugal  force.     The 
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FiCW.  1   AKD  2.— BRAflSBRT-WlTTINO  WhIRLER. 

various  modifications  by  which  this  separation  of  dust  is  accomplished 
are  all  evolved  from  the  so-called  cyclone  processes  developed  in  Ger- 
many about  20  years  ago.  Some  of  these  systems  recently  developed 
in  the  United  States  are  the  Brasserie  Witting,  the  Roberts,  the  Ken- 
nedy, and  the  Dyblie.  A  description  of  the  Br  assert- Witting  whirler 
and  of  the  Dyblie  whirler  will  illustrate  the  general  principles  of  this 
t}i)e  of  cleaner. 
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Br  assert- WUiwg  Whirler. 
As  shown  in  Fige.  1  and  2,  the  BrasBert-Witting  wLirler  eonBists 
of  a  vertical  outer  cylindrical  casing,  A,  and  an  inner  inverted  tnbe, 
B,  which  at  its  upper  end  is  integral  with  the  gas  main  C,  which 
takes  the  cleaned  gas  away  from  the  apparatus.  This  inverted  tube 
is  flared  at  its  lower  end,  D  ;  a.  number  of  iron  or  steel  bars,  £,are 
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fastened  vertically  around  the  chamber  F  and  extend  from  a  point 
well  above  the  lower  edge  of  the  flared  end  D  of  the  pipe  to  a  point 
well  below  the  lower  edge  of  this  pipe.  In  the  lower  part  of  the 
chamber  F  is  placed  a  cone,  G,  which  allows  the  separated  duet  to 
enter  the  outlet  pipe. 
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The  gas  enters  the  apparatus  tangentially  through  the  flue  H  and 
is  given  a  rotary  whirling  motion  through  the  annular  space  between 
the  pipe  B  and  the  wall  of  the  chamber  A.  On  coming  in  contact 
with  the  bars  ^the^dust  is  caught  in  the  channels  between  these  bars 
and  is  held  in  position  by  the  combined  action  of  centrifugal  force 
and  friction.  As  the  gas  continues  to  rotate  within  the  annular 
spaces  above  mentioned,  its  velocity  is  gradually  increased  by  the 
action  of  the  flared  end  of  the  receiving  pipe  until  when  it  reaches 
the  lower  edge  of  the  end  its  velocity  is  at  a  maximum.  On  passing 
below  this  edge,  the  velocity  is  constantly  decreased,  the  direction  of 
the  gas  is  changed  and  it  passes  upwardly  through  the  flared  end  of 
the  pipe  to  the  outgoing  gas  main  C 

The  dust  which  has  been  caught  in  the  channels  between  the  baffle 
bars  drops  vertically  into  the  bottom  of  the  chamber,  past  the  cone 
G  and  into  the  outlet  pipe,  whence  it  is  removed  as  desired. 

Brasseri  Modifications  of  BrasserU  Wittivg  Whirler. 

In  the  Brassert  modifications  of  the  Brassert^Witting  whirler, 
a  sketch  of  which  is  shown  in  Fig.  8,  the  lower  portion  E  of  the 
casing  is  larger  in  diameter  than  the  upper  portion  B  and  is  provided 
with  a  series  of  inwardly  projecting  baffle  plates,  F.  The  lower  por- 
tion G  of  the  casing  E  is  cone-shaped  and  constitutes  the  dust-re- 
ceiving chamber.  In  the  bottom  of  this  chamber  is  a  cone,  H,  whose 
function  is  to  direct  the  dust  toward  the  periphery  of  the  dust  out- 
let pipe.  Within  the  chamber  /  another  cone,  J,  is  located  and  this 
cone  is  provided  with  a  series  of  baffles,  which  are  arranged  as  shown 
in  Fig.  4. 

In  Fig.  5,  which  is  a  further  modification,  a  spiral,  X,  is  provided 
for  the  purpose  of  directing  the  flow  of  the  gas.  The  lower  end  of 
the  outlet  pipe  is  made  barrel-shaped.  The  outer  casing  M  in  its 
lower  portion  N  is  supplied  with  the  baffles  0,  which  instead  of  being 
mounted  on  the  casing  are  bent  inwardly  therefrom,  thus  forming 
the  apertures  P  (Fig.  6).  The  section  N  of  the  casing  is  inclosed  by 
an  outer  casing,  Q,  thus  forming  the  annular  chamber  J2,  in  which 
partitions  S  are  placed  to  prevent  whirling  of  the  gas  in  this  annular 
chamber. 

The  gas  is  introduced  and  discharged  and  the  dust  is  separated  in 

a  similar  manner  to  that  mentioned  in  the  description  of  the  Bras- 

j?ert-Witting  whirler. 

Dyhlie   Whirler. 

In  this  whirler,  as  in  most  of  these  types,  the  separation  is  accom- 
plished by  combined  centrifugal  force  and  the  action  of  gravity.     One 
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of  the  principal  features  in  this  particular  whirler  is  the  arrange^ 
ment  in  the  spiral  separator  of  the  entrance  and  exit  openings  in 
substantially  the  same  horizontal  plane,  obviating  the  necessity  of  the 
gas  changing  its  direction  of  flow  at  a  sharp  angle. 


Fi6.  6. 
Horizonial  Section  online  6'6. 


Fie.  5. 

Figs.  5  and  6. — Brabsebt  Modification  op  BBASSBRT-WirrrNQ  Whirler. 

Described  in  general  terms,  this  separator  consists  of  a  spiral  con- 
duit, the  lower  open  edges  of  which  connect  with  the  dust-collecting 
chamber.  The  gas  is  introduced  tangentially  and  follows  a  spiral 
course  toward  the  central  axis  of  the  apparatus,  the  spiral  condait 
being  increased  in  area  before  the  gas  enters  the  central  chamber, 
prior  to  its  exit  from  the  apparatus. 
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The  duBt  is  Beparated  Irom  the  gas  by  ceDtrifugal  force  and  gratity, 
and  falla  through  the  lower  open  edges  of  the  spiral  into  the  dust- 
collecting  chamber.  The  central  chamber  ie  provided  with  a  small 
opening  at  its  lower  end,  and  connects  with  the  inaermost  spiral  of 
the  spiral  conduit. 


— DtBlie  Whikleb. 


In  the  accompanying  sketches,  Fig.  7  is  a  vertical  section  through 
the  Dyblie  whirler  and  Fig,  8  is  a  horizontal  sectioii.  The  gas  enters 
tangentially  from  the  gae  main  through  the  opening  A  in  the  shell  of 
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the* casing;  the  gas  impinges  upon  the  first  turn  of  the  spiral  B  and 
follows  the  turns  of  the  spiral.  A  separation  of  dust  from  the  gas 
occurs  through  centrifugal  force,  the  particles  of  greatest  specific 
gravity  being  thrown  outwardly  and  falling  by  gravity  to  the  bottom 
of  the  casing. 

At  the  point  C,  an  increased  area  is  provided  between  the  spiral 
and  the  central  chamber,  which  causes  a  decrease  in  the  velocity  of 
the  gas,  thus  allowing  a  further  separation. 

The  inlet  A  and  the  outlet  jD  are  in  substantially  the  same  hori- 
zontal plane,  and  this  permits  the  separated  material  to  drop  out  of 
the  whirling  gas  and  prevents  its  being  caught  up  in  the  vortex, 
which  happens  when  a  sudden  change  in  the  direction  of  the  flow  of 
the  gas  occurs. 

A  deflector,  -E,  located  at  one  edge  of  the  opening,  is  provided. 
This  is  in  the  shape  of  a  hook,  which  acts  to  catch  any  dust  which 
might  be  carried  into  the  casing,  and  this  completes  the  separating 
operation. 

Remarks  on  Efficiency  of  Dry  Cleaning. 

It  has  been  demonstrated  in  practice  that  dry  cleaning  by  any  one 
of  the  systems  so  far  referred  to,  cannot  be  depended  upon  by  itself 
to  continuously  clean  the  gas  from  blast  furnaces  using  much  fine 
ore,  to  the  degree  desired  for  use  in  stoves  and  under  boilers,  the 
amount  of  dust  remaining  in  the  gas  ranging  from  1  to  8  grains  per 
cubic  foot,  depending  on  the  working  of  the  blast  furnace.  Such 
systems  have  a  value,  however,  in  removing,  by  simple  apparatus  and 
at  practically  no  operating  expense,  a  certain  proportion  of  the  dost 
and  so  decreasing  the  duty  upon  any  apparatus  installed  for  further 
cleaning. 

The  above  remarks  on  dry  cleaning  refer  in  no  way  to  the  Hal- 
berger-Beth  system,  recently  developed  in  Germany,  which  will  be 
treated  separately  later  on  in  this  paper. 

Primary  Wet  Cleaning. 

For  primary  cleaning,  in  Europe  in  particular,  a  separation  of  the 
dust  by  the  use  of  water  has  been  preferred  for  many  years  to  a  dry 
separation,  on  account  of  the  very  much  greater  efliciency  obtained 
in  cleaning,  and  on  account  of  the  importance  of  reducing  the  water 
vapor  contents  of  the  gas  to  a  minimum,  thus  allowing  more  efllcient 
combustion.  The  cooling  and  washing  of  the  gas  are  usually  per- 
formed simultaneously,  sufficient  water  being  used  to  reduce  the 
temperature  of  the  outgoing  gases  to  practically  the  temperature  of 
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Dg  wash  water.  Experience  haa  shown  that  cooling  the 
manner,  to  allow  condensatioQ  and  separation  of  the  water 
les  leBfl  attendant  Iobb  oi  heating  efliciency  than  prevails  in 
th  vapor-laden  gas. 

Zschocke  System. 
3  washers  have  been  used  almost  entirely  in  Germany  for 
y  cleaning.  These  consist  of  cylindrical  or  square  steel 
d  with  a  series  of  wooden  grids  or  hurdles  placed  at  auit- 
Us  within  the  apparatus.  These  hurdles  are  arranged  in 
iner  that  the  water,  which  is  sprayed  in  at  the  top  of  the 
■oken  up  into  very  fine  streams,  which  drip  down  between 
nd  meet  the  gas  coming  up,  the  gas  being  introduced  at 
of  the  tower.  The  intimate  contact  so  obtained  wets 
■uat,  which  is  carried  with  the  water  to  the  bottom.  These 
3wersare  usually  water-sealed  and  cone-shaped  at  the  bot- 
le  latest  type  baa  a  siphon  arrangement ;  in  either  case, 
readily  removed  from  the  bottom  of  the  apparatus. 
I  towers  have  been  found  sufficient  to  cool  and  clean  the 
proper  degree  for  use  in  hot-blast  stoves,  under  boilers, 
lilar  purposes.  A  fan  washer,  into  which  water  is  intro- 
equently  used  as  an  auxiliary  to  the  Zschocke  towers  for 
eaning,  especially  when  the  scrubbing  capacity  of  the 
nail, 
separator,  equipped  with  internal  baffies,  is  usually  located 

washer  to  allow  separation  of  the  entrained  water. 
i  washers  are  used  considerably  in  the  United  States,  and 
ional  systems  have  also  been  developed  here  for  the  wet 
of  dust;  for  instance,  the  Duquesne  spray  tower  and  the 
pray  tower.     The  basic  principle  of  these  spray  towers 

the  creation  of  a  rain  or  spray  by  means  of  suitably 
lozzles,  and  the  gas  is  cleaned  and  cooled  in  passing 
is  spray. 

Ihiquesne  Spray  Tower. 
uesne  tower  consists  of  a  shell  about  80  ft.  high  by  12  ft.  in 
As  shown  in  Fig.  9,  the  tower  contains  five  sets  of  double 
i  seta  being  spaced  6  ft.  10  in.  apart  Under  the  first  set 
are  distributed  seven  nozzles,  the  feed  water  for  which  is 
jy  a  valve  outside  the  tower.  Under  the  fifth  set  of  screens, 
ar  nozzles,  also  controlled  by  a  valve  outside  the  tower,  are 
,  just  above  the  range  of  the  lower  nozzles. 
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SectiononLine  9-9. 


Fio.  9,— DunuiHSB  Sfrat  Towbb. 
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The  controlling  valves  have  a  revolving  core  which  successively 
blocks  off  the  openings  to  the  different  nozzles,  thereby  temporarily 
stopping  the  flow  of  water  and  creating  an  area  of  low  pressure  directly 
above  the  nozzle.  When  the  core  has  passed,  the  flow  of  water  re- 
sumes through  this  nozzle  and  sprays  the  gas  which  has  reached  this 
point.  The  core  is  revolved  electrically,  at  the  rate  of  about  15  rev. 
per  minute,  and  a  5-h.p.  motor  is  ample  to  operate  four  valves,  which 
are  sufficient  for  two  towers. 

The  screens,  which  are  placed  above  the  nozzles,  break  up  the  water 
into  fine  drops,  permitting  intimate  contact  of  the  gas  and  the  water. 

In  the  operation  of  these  towers  at  Duquesne,  the  gas  rises  through 
the  scrubber  at  the  rate  of  4  ft.  per  second,  and  the  water  at  the  rate 
of  60  ft.  per  second  with  a  head  of  86  lb.  main  pressure.  The  gas  is 
cooled  down  very  effectively,  the  temperature  of  the  outgoing  gas 
being  only  from  5°  to  6®  F.  above  the  temperature  of  the  incoming 
water,  while  the  moisture  content  averages  only  about  0.5  grain  per 
cubic  foot  above  the  saturation  point  at  the  temperature  of  the  out- 
going gas. 

Bian  Gas   Washer. 

The  Bian  gas  washer,  as  shown  in  Figs.  10  and  11,  consists  of  a 
stationary  horizontal  steel  cylinder  through  which  the  gas  passes  from 
one  end  to  the  other.  Inside  the  cylinder,  there  slowly  revolves  a  shaft 
which  carries  a  number  of  vertical  disks  consisting  of  wire  netting  of 
fine  mesh.  The  diameter  of  these  disks  is  very  slightly  less  than  the 
inside  diameter  of  the  cylinder,  and  this  arrangement  necessitates  the 
gag  passing  through  the  openings  in  the  screens  as  it  travels  through 
the  apparatus.  The  screens,  to  the  extent  of  nearly  half  their  diame- 
ter, dip  into  water  contained  in  a  trough  upon  which  the  open  bottom 
of  the  cylinder  rests,  and  as  the  shaft  revolves,  the  part  of  the  screens 
which  has  been  immersed  rises  from  the  water  with  the  meshes 
covered  with  thin  films  of  water,  thus  allowing  thorough  contact 
with  the  gas  as  it  passes  through  the  perforations. 
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Final  Wet   Cleaning. 
(Some  of  these  systems  can  also  be  applied  to  primary  cleaning.) 

The  amount  of  cleaning  accomplished  in  Zschocke  and  similar 
towers,  and  in  the  Bian  washer,  while  satisfactory  for  stoves  and 
boilers,  was  found  to  be  not  sufficient  when  the  gas  was  destined  for 
use  in  gas  engines,  and  the  systems  of  Theisen  and  Schiele  were  de- 
veloped for  this  purpose. 
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Fig-ll. 
Floe.  10  AHD  11. — BiAN  Gab  Wabbeb. 
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Iheisen  Gaa   Washer. 
^isen  washer,  as  Bhown  in  Figs.  12  and  13,  conBists  of  a 
d  with  a  special  wire  nettiog,  within  which  revolves  at 
:ed,  a  drum  carrying  numerous  fan  hladee  set  at  oblique 
le  axis  of  rotation,  these  blades  or  vanes  being  so  fitted 


Kg.  13. 
FioB.  12  AtTD  IS.— T&BiHEH  Gas  Washer. 
form  a  continuous  spiral  curve.     This  allows  the  gae  to  be 
at  one  end  of  the  casing  and  expelled  at  the  other  end. 
idmitted  at  the  side  ot  the  casing  and  is  converted  into  a 
by  the  revolutions  of  the  blades,  and  the  epiral   arrange- 
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ment  of  these  blades  causes  the  spray  to  flow  in  the  opposite  direction 
to  the  gas,  which  passes  through  this  spray,  being  simultaneously 
cleaned  and  cooled.  The  dirty  water  leaves  the  apparatus  by  a  water 
seal  at  the  bottom. 

The  Theisen  and  Schiele  systems  of  final  wet  cleaning  have  for 
years  given  very  satisfactory  results,  but  are  now  being  gradually 
superseded  by  systems  requiring  less  capital  expenditure  and  less 
operating  expense.  Most  of  these  systems  can  be  used  for  primary 
cleaning  as  well  as  for  final  cleaning,  by  installing  in  two  stages. 
The  most  important  of  the  wet  cleaning  systems  which  perform  as 
eflicient  cleaning  with  the  consumption  of  much  less  power  and 
water  than  the  Theisen  and  Schiele  systems  are  the  disintegrator 
system  of  Theisen,  the  disintegrator  system  of  Schwarz-Bayer,  the 
Fowler  &  Medley  rotary  washer,  and  the  Feld  rotary  washer,  while 
the  Halberger-Beth  dry  cleaning  system  of  filtration  through  canvas 
is  remarkably  efiScient  in  cleaning  and  is  cheap  to  operate.  Follow- 
ing is  a  detailed  description  of  each  of  the  systems  mentioned,  to- 
gether with  several  other  modern  systems : 

Theisen  Disintegrator  Gas  Washer. 

There  are  two  styles  of  Theisen  disintegrator  gas  washers.  One 
style  consists  of  a  casing  in  which  the  gas  enters  by  two  apertures 
at  the  base  of  the  apparatus  and  is  washed  by  a  spray  of  water  in  a 
perforated  drum  or  cage  equipped  with  vanes,  the  drum  revolving 
within  a  stationary  drum,  the  gas  being  drawn  through  the  ap- 
paratus by  a  fan  mounted  on  the  same  shaft  and  discharged  with  the 
necessary  pressure  to  carry  it  to  the  point  of  consumption.  The 
second  style  also  has  the  fan  mounted  on  the  shaft,  but  the  fan  is 
inclosed  within  the  disintegrator. 

The  Theisen  disintegrator  consists  of  a  series  of  rotary  and  sta- 
tionary perforated  drums  or  cages  arranged  concentrically  within 
one  another,  as  shown  in  Fig.  14.  The  stationary  drums  consist  of 
round  bars  and  the  revolving  ones  of  angle  bars.  The  hot  raw  gas 
enters  the  apparatus  at  the  bottom,  meets  the  efiSuent  water  and  un- 
dergoes a  preliminary  cooling  and  cleaning  in  the  lower  part  of  the 
machine.  The  gas  is  drawn  in  counter-current  through  the  series  of 
rotary  and  stationary  drums  by  means  of  a  fan.  The  water  is  eon- 
verted  into  a  fine  spray  by  the  centrifugal  action  of  the  rotating 
drums,  and  the  gas,  passing  through  this  spray,  is  cleaned.  The  fan 
is  located  in  the  same  casing  and  on  the  same  shaft  as  the  rotary  dis- 
integrating drums,  the  shaft  being  direct  motor  driven.  Freshwater 
is  introduced  into  the  innermost  rotating  drums  in  the  form  of  a 
finely  divided  spray. 
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ing  and  cleaning  of  the  gaa  and  production  of  the  preBsure 
)  conduct  the  clean  gaa  to  ita  point  of  eonaumption  are  al 
in  one  apparatus  and  with  one  motor.     It  is  stated  that 


Fro.  H.— TaeisBM  DiBrxTEaBATOft  Gab  Washbb. 


igpator  is  an  improvement  over  the  former  Theisen  ap- 
luiring  much  leas  power  and  water,  and  performing  the 
leaning  of  the  gas  without  preliminary  towers. 
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SehwarZ'Bayer  Disintegrator  Gas  Washer. 

The  Schwarz-Bayer  system  of  gas  cleaning  makes  use  of  the  disio- 
tegrator  principle,  and  its  general  arrangement  is  simple.  The  com- 
plete set  of  gas-cleaning  apparatus  consists  of  a  disintegrator  in  con- 
nection with  a  saturating  chamber  in  the  form  of  a  hood ;  then  a  fan 
placed  immediately  behind  the  disintegrator,  and  finally  a  water 
separator.  In  case  both  primary  and  final  cleaning  are  desired,  two 
such  sets  of  apparatus  are  used,  the  second  of  which  further  cleans  the 
gas  which  has  been  primarily  cleaned  in  the  first. 

The  disintegrator,  aa  shown  in  Figs.  15  and  16,  consists  substantially 
of  two  sets  of  steel  pins,  cold-riveted  to  two  steel  disks,  which  disks 
are  set  side  by  side  and  revolve  in  opposite  directions.  The  pins  of 
one  revolving  disk,  which  interlace  with  the  pins  of  the  other  revolv- 
ing  disk,  form  with  the  water,  through  the  effect  of  rotation  and 
dripping,  a  fine  spray  or  mist,  which  allows  a  thorough  mixture  of 
the  water  with  the  gas  traveling  among  and  between  the  pins  before 
leaving  the  apparatus. 

The  gases  from  the  blast  furnace  pass  from  the  raw  gas  mains  di- 
rectly into  the  disintegrators  without  previously  passing  through 
Zschocke  towers  or  similar  preliminary  washer  or  cooler.  The  gas 
enters  through  the  top  of  the  hood  and  passes  toward  the  center  of 
the  disintegrator,  while  water  is  being  introduced  through  the  sides 
to  the  center.  The  hood  acts  to  some  extent  as  a  pre-cleaner  and 
cooler,  as  some  of  the  spray  from  the  disintegrators  is  thrown  into 
the  hood  and  there  comes  in  contact  with  the  hot  gas  and  rapidly 
evaporates,  simultaneously  cooling  the  gas.  By  the  revolution  of  the 
disintegrator  the  water  is  projected  toward  the  periphery  of  the  ap- 
paratus and  is  broken  up  into  a  fine  spray;  the  gas  mixes  thoroughly 
with  this  water  and  is  cooled,  and  most  of  the  dust  contained  in  the 
gas  is  precipitated.  The  gases  pass  through  the  disintegrator  in  a 
current  counter  to  that  of  the  water. 

The  application  of  the  counter-current  principle  enables  the  gas  to 
encounter  cleaner  and  colder  water  in  its  passage  through  the  disin- 
tegrator; hence  it  is  better  cleaned,  and  its  temperature  is  reduced 
more  nearly  to  the  temperature  of  the  entering  cooling  water.  This 
principle  has  the  effect  of  materially  reducing  the  amount  of  water 
and  power  consumed.  Each  disk  is  direct  driven  by  an  individual 
motor  and  the  speed  is  determined  by  the  degree  of  cleanliness  de- 
sired in  the  gas.  The  gas  is  drawn  through  the  disintegrator  by 
means  of  a  fan  located  immediately  behind  the  disintegrator  ap- 
paratus, and  passes  from  the  fan  to  a  water  separator. 
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Fig.  16. 
a.  16  ABD  16.— Schwabs-Bay EB  Disibteoratob  Gas  Washbk. 
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The  Qse  of  pins  in  this  apparatus  as  a  diaiDtegrating  medium  al- 
lows the  paeaage  of  the  gas  with  very  little  resistaoce,  and  a  coiue- 
qtient  saving  in  power.  There  is  also  very  little  possibility  of  the 
dust  settliDg  on  the  pins  and  clogging  ap  the  apparatos. 


F:o.  17. — FowLEB  &  Medu^t  Vebticat.  0as  Wasbbr. 

Fou-lcr  ^  Medley  Vertical  Gas  Washer, 

This  apparatus,  ad  shown  in  Fig.  17,  consists  of  a  circular  caet>iron 

casing  containing  a  revolving  shaft  running  vertically  throagh  the 

middle.     On^this  shaft  are  fixed  a  number  of  disks,  made  either  of 

steel  or  of  cast  iron,  depending  upon  whether  the  water  need  is  alka- 
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line  or  acid.  Each  disk  is  eqaipped  with  a  collar  separating  it  from 
the  adjoining  disks,  and  each  collar  is  punched  or  drilled  with  six 
holes,  through  which  six  bolts  pass  vertically,  thus  holding  all  the 
disks  in  place.  The  shaft  is  direct  driven  with  a  vertical-spindle 
.motor.  Two  fixed^water  sprays  are  provided  fore  ach  disk,  diamet- 
rically opposite  each  other,  one  on  each  side  of  the  washer  and  pro- 
jecting between  each  pair  of  disks.  The  jets  of  water,  which  are  in- 
troduced through  nozzles  having  about  J-in.  openings,  enter  with 
sufficient  pressure  to  strike  the  collar  between  the  disks,  and,  as  the 
disks  revolve,  the  water  is  thrown  against  the  top  and  bottom  of  these 
disks  and  then  against  the  outside  wall  of  the  casing,  creating  a  fine 
spray  or  mist  in  the  space  between  the  outer  edge  of  the  disk  and 
the  wall  of  the  casing,  through  which  space  the  gas  passes.  The  gas 
enters  the  washer  at  the  bottom,  passes  through  this  spray  or  mist, 
and  leaves  clean  at  the  top. 

This  washer  can  be  used  for  either  primary  cleaning  or  final  clean- 
ing, or  both ;  in  case  final  cleaning  is  desired,  two  washers  would  be 
used  in  series,  the  first  apparatus  to  clean  the  gas  sufficiently  for 
primary  purposes  and  the  second  apparatus  to  finish  the  cleaning  of 
the  gas  for  gas-engine  use. 

Feld  Gas  Washer, 

The  Feld  washer,  as  shown  in  Fig.  18,  consists  of  a  series  of  super- 
imposed sections,  the  bottom  of  each  section  being  provided  with 
ports  for  the  passage  of  gas.  The  gas  enters  the  bottom  of  the 
washer  and  passes  from  chamber  to  chamber  to  the  top,  whence  it  is 
led  away.  Each  section  or  chamber  is  provided  with  a  series  of 
cones  perforated  at  the  top  and  mounted  upon  a  cast-iron  spider, 
which  is  carried  on  a  vertical  shaft.  The  shaft  is  suspended  at  the 
top  in  a  specially  designed  anti-friction  bearing,  arranged  so  as  to  re- 
duce the  power  required  for  operation  to  a  minimum.  The  water  is 
admitted-  into  the  top  of  the  washer  and  overflows  from  section  to 
section  through  the  gas  ports,  the  dirty  water  saturated  with  dust 
leaving  the  bottom  of  the  washer. 

When  the  shaft  revolves,  the  cones  do  likewise,  and  the  water  is 
raised  by  centrifugal  force  along  the  inner  sides  of  the  cones  and  is 
atomized  at  the  upper  edge.  This  upper  edge  of  each  cone  is  a  little 
higher  than  the  next  outer  one,  thereby  forming  a  certain  number  of 
horizontal  sprays  of  water,  depending  on  the  number  of  cones.  The 
upper  portion  of  the  outer  cone,  which  is  somewhat  higher  than  the 
inner  one,  is  perforated.  The  inner  cones  supply  water  to  the  per- 
forated surface  of  the  outer  one.     This  results  in  the  formation  of  a 
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series  of  cascades  composed  of  very  small  drops  of  water,  through 
which  the  gas  must  pass  en  route  through  the  apparatus. 

The  washing  is  accomplished  mostly  in  the  lower  sections,  while 
the  upper  sections  perform  primarily  the  function  of  cooling  the  gas. 

For  primary  washing,  the  Feld  washer  is  constructed  with  seven 
chambers  or  sections,  the  lower  three  being  the  washing  chambers, 
the  fourth  one  being  a  separating  chamber  and  the  upper  three  being 
the  cooling  chambers.  For  final  washing,  in  the  case  of  the  gas 
being  required  for  gas-engine  purposes,  the  gas  after  being  primarily 
cleaned  is  passed  through  an  additional  washer  of  the  same  general 
arrangement. 

Beco  Centrifugal  Gas   Washer. 

This  gas  washer  is  constructed  by  the  Roessing-Ernst  Co.,  of 
Pittsburg,  Pa.,  and  is  designed  to  cool,  clean  and,  if  necessary,  dry 
the  gas  in  one  apparatus.  This  washer  consists  substantially  of  a  ver- 
tical outer  casing,  a  tube  whose  lower  end  is  provided  with  serrations 
extending  to  within  a  few  inches  of  a  water  seal,  a  revolving  inverted 
cup,  and  a  sleeve  casing  attached  to  the  inverted  cup.  The  outer 
casing,  the  cup,  the  tube,  and  the  sleeve  casing  are  provided  with 
shelves  and  vanes.  The  apparatus  is  belt-driven.  The  spindle  of  the 
rotor  on  which  the  driving  pulley  is  fastened  is  hollow,  and  the 
weight  of  the  rotor  is  taken  up  by  the  shaft  inside  of  this  sleeve,  held 
by  a  ball  bearing  which  is  backed  by  a  rubber  buffer  in  order  to 
equalize  any  irregularity  during  rotation. 

As  shown  in  Fig.  19,  the  hot  gas  enters  the  apparatus  at  the  point 
A,  passes  over  the  water,  a  certain  amount  of  which  the  gas  takes  up 
by  evaporation,  and  then  passes  into  the  tube  B  through  the  serrar 
tions  at  its  base.  During  its  passage  through  this  tube  the  gas  and 
water  vapor  are  subjected  to  a  thorough  beating  and  mixing  by  the 
aetion  of  the  vanes  C  of  the  revolving  sleeve  casing  2),  fastened  to 
the  top  of  the  inverted  cup  M  The  gas  passes  into  this  inverted 
cup,  which  is  rotated  by  the  driving  sleeve  F  and  the  pulley  Gj  and 
then  flows  downward,  around  and  under  the  lower  edge  of  the  cup 
and  then  upward  between  the  cup  and  the  outer  casing  H.  The  outer 
surface  of  the  revolving  cup  is  provided  with  concentric  shelves  K 
and  the  outer  casing  His  provided  with  downwardly  inclined  shelves 
/,  which  receive  the  washing  water  from  the  water-sealed  stuffing 
box  /  and  through  a  series  of  water  pipes  L.  The  water,  falling  on 
the  rapidly  rotating  shelves  of  the  cup,  is  thrown  by  centrifugal  force 
against  the  inner  walls  of  the  casing  and  thence  flows  downwardly 
along  the  inclined  shelves,  dripping  on  to  the  next  rotating  shelf,  and 
80  on.     In  this  way  the  gas,  while  subjected  to  a  thorough  whirling 
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and  beating  actioD,  has  to  paae  upward  through  several  filme  of 
finely  divided  water  or  spray  while  the  water  passes  downward,  car- 
rying with  it  the  separated  impurities. 

The  apparatus  operates  on  the  counter-current  principle,  the 
cleanest  gas  passing  from  the  apparatus  meeting  the  cleaneat  water 
entering  the  apparatus. 


Fio.  19.— Rbco  CEHTBrFUGAi.  Oai  Wa^ob. 
The  upper  part  of  the  casing  is  provided  with  a  rack  which,  it  i» 
stated,  can  he  packed  with  suitable  drying  material   in  case  it  is 
desired  to  dry  the  gas  before  leaving  the  apparatus. 
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Sepulchre  Gas  Washer. 
em  18  desigDed  as  a  final  washer  to  further  clean  primarily 
1  cooled  gas  to  the  degree  necessary  for  use  in  goa  engines. 
lie  of  this  system  consists  in  creating  in  a  vertical  tower  a 
>ray  or  mist  of  water  by  means  of  an  injector  of  the  Kort- 
n  which  water  under  pressure  is  atomized  by  means  of 
blast-furnace  gas,  the  spray  being  produced  by  the  ex- 
the  compressed  gas.     An  intimate  mixture  of  the  spray  so 


Oas  Washes. 


:h  the  dirty  gas  entering  the  apparatus,  is  obtained  by  the 
it  of  the  apparatus. 

tor  is  provided  in  connection  with  this  apparatus,  which 
i>Btantially  of  a  cone  arranged  in  the  lower  part  of  the 
ch  a  way  as  to  leave  between  the  baee  of  the  cone  and  the 
e  tower  a  very  narrow  passage,  through  which  the  gases 
3ver  the  surface  of  a  water  seal,  where  the  dust  and  water 
lepoeited. 
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In  the  accompanying  drawing,  Fig.  20,  A  is  the  vertical  tower,  the 
lower  end  of  which  terminates  a  short  distance  above  the  surface  of 
the  water  seal  2).  Within  the  lower  end  of  the  tower  is  arranged  a 
conical  deflector,  C,  and  near  the  top  of  the  tower  is  the  gas  inlet,  £. 
The  lower  section  of  the  tower  A  is  surrounded  by  a  casing  which  is 
open  at  the  bottom  and  extends  beneath  the  surface  of  the  water  in 
the  seal.  A  gas  outlet,  JE,  is  provided  in  connection  with  the  outer 
casing.  The  Korting  injector  is  located  at  F  and  the  feed  water  for 
same  is  supplied  through  the  pipe  G.  The  pressure  is  supplied  by 
withdrawing  a  portion  of  the  purified  gas  from  the  outlet  pipe  -Eand 
forcing  this  by  the  compressor  ^through  the  pipe  if  into  the  injec- 
tor simultaneously  with  a  stream  of  water. 

Final  Dry  Cleaning. 
(Some  of  these  systems  can  also  be  applied  to  primary  cleaning.) 

Halberger-Beth  Gas-Cleaning  System.. 

The  principle  of  the  Halberger-Beth  system,  shown  in  Pig.  21,  is 
based  primarily  on  filtering  the  gas  through  canvas  bags.  The  gas 
coming  from  the  blast  furnace  passes  through  the  usual  dust  catchers 
and  gas  mains  to  a  cooling  tower,  where  the  temperature  of  the  gas 
is  reduced  to  about  175°  F.  The  cooling  tower  is  arranged  so  that 
the  necessary  amount  of  cooling  can  be  accomplished  either  by  air  or 
by  direct  contact  with  water,  depending  on  the  temperature  of  the 
gas  entering  the  cooler,  which  temperature  is  naturally  variable,  in 
accordance  with  blast-furnace  conditions. 

From  the  cooler,  the  raw  gas,  by  means  of  the  suction  of  a  fan  placed 
beyond  the  filters,  or  without  a  fan  when  the  pressure  of  the  gas  issuing 
from  the  furnace  is  sufficient,  passes  into  and  through  the  canvas  fil- 
tering bags,  depositing  its  impurities  on  the  surface  of  the  bags. 
These  canvas  filters  are  contained  in  a  series  of  double  compartments, 
each  usually  holding  12  canvas  bags  in  rows  of  three  by  four.  Each 
bag  is  about  8  in.  in  diameter  by  9  ft.  9  in.  long,  and  is  equipped 
with  a  ring  at  each  18  in.  of  its  length  to  prevent  entire  collapse  of 
the  bag  when  cleaning.  The  bags  are  fastened  into  a  stationary 
header  at  the  bottom,  this  bottom  end  being  open,  while  the  top  is 
closed  by  a  steel  plate.  Each  bag  is  connected  with  a  shaking  me- 
chanism located  outside  and  above  the  filter  compartment,  and  at 
regular  intervals,  usually  about  every  4  min.,  these  bags  are  auto- 
matically shaken,  a  compartment  at  a  time,  for  a  period  of  from  15 
to  20  sec.  By  means  of  a  butterfly  valve,  the  uncleaned  gas  is 
shut  off  from  the  compartment  while  the  shaking  is  in  progress,  and 
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cleaned  gas,  superheated  to  the  proper  temperature  of  about  175°  P., 
is  forced  under  pressure  into  the  compartment.  This  causes  a  par- 
tial collapse  of  the  canvas  bags,  which,  in  conjunction  with  the  simul- 
taneous shaking,  allows  the  dust  to  fall  from  the  canvas.  The  sepa- 
rated dust  drops  into  a  hopper  beneath  the  sacks,  whence  it  is  trans- 
ferred by  means  of  a  spiral  conveyor  to  a  bin,  from  which  it  is  loaded 
into  cars.  At  the  end  of  the  cleaning  period  the  butterfly  valve  au- 
tomatically returns  to  its  original  position  and  filtering  commences 


again. 


175° 


Fio.  21.— Halberoer-Beth  Qajs-Gleanino  System. 

It  18  quite  necessary  to  keep  the  temperature  of  the  gas  at  about 
F.,  as  if  much  higher  than  this  there  is  danger  of  scorching  the 
bag,  while  if  lower  the  water  vapor  in  the  gas  is  deposited  on  the 
canvas  and  prevents  proper  filtration.  In  case  the  gas  becomes  cooled 
below  175°  F,  in  the  cooling  tower,  it  is  superheated  by  means  of 
steam  or  by  waste  heat  from  the  hot-blast  stoves  to  about  this  tem- 
perature before  entering  the  filtering  bags.  After  leaving  the  canvas 
bags,  the  gas  requires  no  further  gleaning  for  gas  engines  and  is 
tooled  down  to  the  proper  temperature  in  cooling  towers  of  various 
designs. 
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The  degree  of  cleanliness  of  the  gas  is  indicated  by  the  clearness 
of  the  effluent  water  from  these  towers  and  no  settling  basins  are 
required.  Consequentlj^  this  water  can  be  used  over  and  over  again, 
which  is  a  material  item  in  districts  where  water  is  scarce.  A  further 
advantage  lies  in  the  non-pollution  of  streams,  the  laws  relating  to 
which  are  very  strict  in  certain  districts. 

This  system  utilizes  the  basic  principle  employed  in  the  "bag 
house  "  system,  which  has  been  used  for  the  last  20  years  in  connec- 
tion with  recovering  zinc  dust  from  the  gas  issuing  from  zinc  oxide 
furnaces  and  collecting  dust  from  lead  smelters. 

Smiih'Bagley  Gas-  Cleaning  St/stem. 

A  modification  of  the  Halberger-Beth  system  has  been  recently  de- 
vised in  England,  but  has  not  yet  been  demonstrated  on  a  practical 
scale.  This  consists  substantially  in  replacing  the  stationary  canvas 
bags  used  in  the  Halberger-Beth  process  by  traveling  belts  composed 
of  canvas  or  similar  textile  material. 

In  this  process,  it  is  proposed  to  cool  the  gases,  after  leaving  the 
dust  catchers,  to  the  prescribed  temperature,  by  means  of  a  tubular 
cooler  so  arranged  that  fluctuations  in  temperature  can  be  automati- 
cally equalized  by  an  electrical  device  controlling  butterfly  valves  iu 
the  base  of  certain  sections  of  the  gas  tubes  within  the  cooler,  which 
will  increase  or  decrease  the  amount  of  cooling  surface.  When  du- 
plicate coolers  are  installed,  the  electrical  governor  automatically 
connects  the  second  cooler  with  the  first  in  case  of  any  rise  in  tem- 
perature. 

'  After  leaving  the  coolers,  the  gas  enters  an  apparatus  containing  a 
series  of  belts  made  of  a  special  textile  fabric.  These  intersect  the 
casing  of  the  apparatus  at  right  angles  to  the  direction  of  the  flow  of 
the  gas.  The  area  of  these  belts  is  determined  by  the  desired  speed 
or  flow  of  the  gas  and  their  texture  and  composition.  By  using  spe- 
cial fabric  for  the  belts,  a  certain  degree  of  flexibility  is  attained  bv 
stretching  the  fabric  or  releasing  the  tension  in  any  desired  section. 
This  is  accomplished  by  rollers  placed  before  the  main  operating 
rolls  in  the  direction  of  the  movement  of  the  belts.  The  gas  passes 
through  the  belts  and  the  dust  particles  are  deposited  on  the  surfaces 
nearest  the  incoming  gases.  The  belts  move  continuously  and  enter 
and  leave  the  casing  of  the  apparatus  through  gas-tight  rolls  suitably 
covered.  The  belt  fabric  and  the  two  roll  surfaces  make  a  gas-tight 
joint. 

On  leaving  the  casing,  the  dust>laden  belt  enters  the  magnetic  field 
of  a  separator,  which  withdraws  any  metallic  and  magnetic  dust  par- 
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ticlee  and  removes  these  to  a  separate  bio.  The  belt  then  moves  for- 
ward to  vacuum  collectors,  which  remove  the  dust.  Several  of  these 
vacuum  collectors  may  be  placed  in  series  to  operate  on  the  belt  ?o 
that  when  the  belt  re-enters  the  casing  it  is  thoroughly  clean  and  free 
from  dust.  It  is  then  in  condition  to  again  be  used  for  removing 
dust. 

The  back  pressure  exerted  by  the  belts  can  be  governed  within 
certain  limits  by  their  speed.     The  bottom  surfaces  of  the  casing  of 

24 
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the  apparatus  are  inclined  to  prevent  any  duet  from  accumulating,  or 
pockets  can  be  provided  for  a  similar  purpose. 

After  leaving  this  apparatus,  the  gas  is  cooled  down  to  the  desireii 
temperature  for  use  in  gas  engines  by  direct  coolers, 

Aa  shown  in  the  accompanying  drawing,  Fig.  22,  the  dirty  gases 
from  the  dust  catcher  enter  the  tubular  cooler  D  through  the  gas 
main  Cand  pass  by  the  gas  main  E  to  the  dry  cleaners  F.  The 
canvas  filtering  belts  are  indicated  by  G  and  the  gas-tight  rolls  by  B. 
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A'  signifies  the  magnetic  separator,  L  the  vacuum  collectors,  M  the 
drive  rolls,  N  the  final  cooler,  and  S  an  outlet  to  stoves  and  boilers 
for  partly-cleaned  gas. 

As  before  stated,  this  process  has  not,  to  the  writer's  knowledge, 
been  tried  out  on  a  practical   scale,  but  presents   probabilities  of 


success. 
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Fig.  24. — Howabd  Dust  Separator.    Section  on  line  24-24 

OF  Fig.  23. 

Howard  Dust  Separator. 

An  apparatus  which  up  to  this  time  has  not  been  applied  to  the 
separation  of  dust  from  blast-f arnace  gases,  but  which  indicates  fairly 
good  possibilities  in  this  direction,  is  the  Howard  dust  separator. 
This  apparatus  is  used  extensively  in  chemical  manufacturing  indus- 
tries for  separating  fine  dust  from  such  gases  as  those  produced  from 
burning  pyrites  fines  in  the  manufacture  of  sulphuric  acid. 
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The  principle  of  this  process  depends  upon  the  deposition  of  dust 
on  a  aeries  of  steel  plates  or  shelves  confined  in  a  chamber  of  either 
brick  or  steel.  These  steel  plates  are  usually  No.  10  gauge  sheets 
and  are  placed  horizontally  one  above  another  about  2.5  in.  apart 
The  gas  enters  the  chamber  containing  these  plates,  the  chamber 
being  arranged  in  such  a  way  that  the  gas  is  evenly  distributed 
throughout  the  vertical  height  of  the  chamber  by  means  of  a  baffle 
wall.  The  gas  to  be  cleaned  must  pass  over  and  between  these 
shelves  before  leaving  the  chamber,  and  during  its  passage  the  dust 
is  deposited  upon  the  shelves,  the  deposition  being  due  to  the  velocity 
of  the  gas  being  checked  in  passing  between  the  steel  plates  by  the 
large  area  of  cross-section.  As  these  plates  are  only  2.5  in.  apart,  the 
dust  particles  need  to  fall  only  this  distance  before  finding  a  surface 
upon  which  to  rest. 

The  dust  first  builds  up  at  the  entrance  end  of  the  shelves,  reducing 
the  space  through  which  the  gas  flows,  and  gradually  similarly  builds 
up  for  the  length  of  the  shelves.  Care  must  be  taken  to  remove  the 
accumulated  dust  before  too  much  has  gathered,  as  otherwise  ineffi- 
cient cleaning  results.  Cleaning  holes  with  covers  are  provided  to 
allow  removal  of  the  accumulated  dust,  and  this  is  accomplished  bv 
means  of  a  flat  steel  scraper,  which  is  pushed  by  hand  between  the 
plates,  thus  driving  the  dust  out  ahead  of  the  scraper. 

In  case  a  steel  chamber  is  installed,  as  would  be  the  case  if  this 
.  system  were  applied  to  blast-furnace  gas,  a  special  design  has  been 
made  which  allows  ready  access  to  the  shelves  by  means  of  a  sliding 
section. 

In  the  accompanying  Figs.  23  and  24,  A  is  a  brick  entrance  header 
or  flue  which  the  gas  enters  from  the  furnaces.  -B  is  a  cast-iron 
damper  capable  of  being  closed  or  opened  by  a  chain  and  pulley 
operated  outside.  C  is  a  cast-iron  plate  with  a  damper  opening  over 
which  the  damper  B  closes.  D  is  a  vestibule  which  gives  the  gas 
free  entrance  to  all  the  plates  or  shelves.  E  indicates  horizontal 
steel  plates  placed  2.5  in.  apart,  i^is  an  open  space  which  permits 
free  exit  of  gases  from  between  all  the  plates.  6?  is  a  baffle  wall 
placed  to  equalize  the  flow  of  gas  between  all  the  plates.  H  is  the 
exit  vestibule.  /,  .7,  and  K  indicate  the  damper  opening,  damper, 
and  discharge  header.  L  indicates  the  cleaning  holes  with  covers. 
The  course  of  the  gas  is  indicated  by  the  arrow  lines. 

Fig.  23  shows  a  two-compartment  separator,  in  which  the  dampers 
provided  for  each  compartment  allow  one  compartment  to  be  cleaned 
while  the  other  is  in  operation,  0  representing  the  division  wall. 
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Separation  of  Dust  bt  Electrical  Precipitation. 

Another  method  which  possibly  may  be  applied  to  the  separation 
of  dust  from  blast-furnace  gas  is  the  electrical  precipitation  of  sus- 
pended particles.  This  system  has  not  so  far  been  applied  to  any  great 
extent  to  the  purification  of  blast-furnace  gas,  but  is  claimed  to  have 
been  successful  in  other  directions  in  removing  suspended  matter  from 
gas  and  from  air.     An  example  of  this  is  the  separation  of  dust  in  !  '   ^ 

cement  plants.     In  this  system,  the  dust  is  deposited  upon  rods  or  ... 

wires  electrically  charged  by  high  tension  direct  current,  which  is 
intermittently  stopped  to  allow  the  collected  dust  to  fall  from  the 
collecting  rods  or  wires  into  a  hopper  below. 

The  Kapnograph. 

This  instrument,  shown  in  Fig.  25,  continuously  indicates  the  rela- 
tive degree  of  cleanliness  of  the  blast-furnace  gas  going  to  the  gas 
engines,  and  is  extensively  used  in  European  gas-engine  stations. 
Gas  from  the  cleaned  gas  main  passes  through  this  apparatus  and 
impinges  upon  a  continuous  recording  chart,  upon  which  the  dust  in 
the  gas  is  deposited.  The  variations  in  the  amount  of  dust  in  the 
gas  are  indicated  by  lighter  or  darker  shades  on  the  recording  paper, 
depending  on  the  amount  of  dust  deposited.  The  flow  of  gas  to  the 
instrument  is  maintained  either  by  the  natural  pressure  of  the  gas, 
or,  if  this  is  not  suflicient,  by  an  aspirator  behind  the  outlet  pipe. 
The  speed  of  the  gas  to  the  nozzle  is  kept  constant  by  means  of  a 
regulator,  as  shown  in  sketch,  the  excess  gas  over  the  required 
amount  escaping  into  the  outlet  pipe  by  passing  under  a  partition 
and  through  a  seal  of  water. 

Methods  of  Determining  the  Amount  of  Dust  in  Blast- 
furnace Gas. 

A  method  employed  with  good  results  in  Europe  for  determining 
the  amount  of  dust  in  the  gas  consists  in  drawing  a  definite  quantity 
of  the  blast-furnace  gas  to  be  tested  through  a  filter,  which  is 
weighed  in  a  dry  condition  before  and  after  the  test.  The  apparatus 
for  determining  the  amount  of  dust  consists  of  a  glass  tube  drawn 
out  at  one  end  and  fitted  at  the  other  with  a  ground-glass  cover, 
which  is  also  drawn  out  to  a  thin  tube.  This  cover  facilitates  the 
placing  of  the  filtering  material  in  the  tube,  and  during  the  test  the 
cover  is  fastened  to  the  tube  by  means  of  wire.     Before  the  test,  the 

glass  tube,  filled  with  suitable  filtering  material,  is  placed  in  a  drying  ;    *.  .  i' 

furnace  and  heated  at  a  temperature  of  105°  C.  until  its  weight  is 


i 

4 


I 


' 


« 


•  1 


I  >  I 


.         «  .-. 


•        1  .  ' 


I  • 


•  • 


« 

• 


2610 


THE   CLEANINS   OF   BLABT-FUBNACE   OAS. 


constant,  which  usuaJlj  requires  from  one  to  two  hours.    The  drying 

furnace  is  arranged  ao  that  several  tubes  can  be  dried  simuItaneouBly. 

During  the  drying  process  air   is  drawn   through   the  tahee  after 

having  ])revioualy  been  thoroughly  dried  bj  passing  through  bottles 


containing  calcium  chloride  and  concentrated 'sulphuric  acid.  During 
the  dr^'ing  process  the  tubes  are  weighed  until  no  further  increase  in 
weight  is  observed. 

In  making  the  test,  the  weighed  tube  containing  its  filtering  ma- 
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terial  is  inserted  into  the  gas  main,  a  rubber  stopper  keeping  the 
test-hole  tight.  The  upper  end  of  the  tube  is  connected  with  a  gas 
meter,  which  in  turn  is  connected  with  a  barrel  filled  with  water. 
The  water  is  allowed  to  flow  out  of  the  barrel  and  in  so  doing  creates 
the  necessary  suction  to  draw  the  gas  through  the  filtering  tube  and 
through  the  gas  meter.  When  the  necessary  amount  of  gas  has  been 
withdrawn  the  tube  is  again  dried  and  weighed.  The  increase  in 
weight  indicates  the  amount  of  dust  in  the  quantity  of  gas  tested. 

Brown  Dust,  Moisture,  and  Volume  Determinator  for  Blast-Furnace  and 

other  Gases. 

m 

This  apparatus  has  been  devised  in  order  to  accurately  determine 
the  amount  of  dust  and  moisture  contained  in  blast-furnace  gas,  as 
well  as  the  volume  of  the  gas,  and  is  used  with  considerable  success. 

Referring  to  the  accompanying  drawing,  Fig.  26,  ^  is  a  gas  main 
conveying  the  gas  to  be  tested.  B  is  an  aperture  in  the  small  pipe 
through  which  samples  of  the  gas  are  drawn.  C  is  a  filtering  medium 
within  which  the  solid  constituents  of  the  gas  are  deposited.  D  is  a 
conduit  leading  to  the  exterior  of  the  gas  main  through  which  the 
filtered  gas  is  conducted.  J?  represents  a  flexible  connection  to  a 
surface  condenser,  F.  G  represents  a  receptable  for  some  chemical, 
such  as  calcium  chloride,  which  can  be  used  for  the  purpose  of  taking 
out  the  moisture  contained  in  the  sample.  J7is  a  conduit  from  this 
moisture-removing  receptacle  to  the  rotary  air  pump,  J,  or  through 
the  by-pass  J  to  the  three-way  valve  K  and  thence  to  the  gas  meter 
Ly  where  the  volume  of  the  sample  is  determined,  together  with  its 
temperature  and  pressure ;  these  latter  by  means  of  the  thermometer 
M  and  the  U-tube  iV,  respectively.  An  electric  motor,  0,  is  used  to 
operate  the  pump  /  through  the  variable-speed  drive  P. 

An  indication  of  the  velocity  of  gas  or  gases  in  conduit  A  is  trans- 
mitted through  aperture  Q  in  the  sample  pipe  and  conduit  R  to  hori- 
zontal pressure  gauge  S  ;  also  an  indication  of  the  velocity  of  gas  or 
gases  after  passing  aperture  B  is  transmitted  from  aperture  T  through 
conduit  U  to  horizontal  pressure  gauge  S.  It  is  evident  that  changes 
of  the  velocity  of  the  gas  or  gases  in  aperture  B  of  sample  pipe,  pro- 
duced by  the  suction  of  pump  /,  or  by  pressure  in  gas  main  A,  are 
indicated,  and  can  be  accurately  controlled  and  made  equal  to  the 
velocity  of  the  gas  or  gases  in  conduit  A,  the  gas  main,  such  indi- 
cator being  the  oil  piston  shown  in  glass  tube  forming  a  part  of  the 
velocity  gauge  S.  •       . 

The  method  of  operating  this  apparatus  is  as  follows:    The  dry  i    *'  *' 

weights  of  the  filtering  medium  C,  of  the  receptacle  6r,  containing 
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■  ■ 

the  calcium  chloride,  and  of  the  measuring  flask  attached  to  surface  ,    '        • 

condenser  Fy  are  very  carefully  determined.     They  are  then  inserted 
in  the  apparatus,  and  the  sample  pipe  is  then  inserted  in  the  gas 
main,  a  tight  connection  being  made  between  flange  Wand  bushing  V, 
The  meter  reading  is  noted.    At  the  same  time  that  the  sample  pipe  is 
inserted  in  the  gas  main  A,  the  time  is  noted,  and  the  rotary  pump  / 
started.     The  speed  is  then  so  regulated  that  the  oil  piston  in  the 
horizontal  pressure  gauge  S  is  maintained  in  equilibrium.     This  in- 
dicates that  the  velocity  in  aperture  B  is  exactly  equal  to  the  velocity  ^ 
in  gas  main  A^  this  condition  having  been  determined  by  a  measured                       "    '         ^ 
amount  of  gas  in  gas  main  A^  and  the  proper  proportioning  of  aper-               •  .      .  •  <   ' 
ture  and  conduits  in  the  sample  pipe  during  the  calibration  tests.                        *     - 
This  condition  is  maintained  for  an  indefinite  length  of  time  and  the                  •.    •    -  . 

sample  pipe  is  then  withdrawn  from  gas  main  A.     The  meter  read j 

ing,  multiplied  by  the  ratio  of  area  of  aperture  B  to  area  of  gas  •  •     i 

main  A^  gives  the  total  amount  of  gas  passing  through  gas  main  A 
in  the  elapsed  time.     The  difference  between  the  dry  weight  of  the  ^ 

filtering  medium  C,  before  and  after  the  test,  divided  by  the  number  *       •*      ' 

of  cubic  units  shown  by  the  meter,  gives  the  weight  of  dust  per  cubic 
unit.  The  moisture  per  cubic  unit  of  gas  is  found  in  a  similar  man- 
mer  from  the  sum  of  the  weights  of  the  water  in  drying  receptacle 
ff,  the  water  caught  in  the  measuring  flask  attached  to  surface  con- 
denser Fy  and  the  weight  of  water  retained  in  the  filtering  medium  C.  .      i 

The  Advantages  of  Clean  Gas. 

The  use  of  properly  cleaned  gas  in  hot-blast  stoves  allows  their  op- 
eration for  a  year  or  more  without  having  to  take  the  stoves  off  for 
cleaning,  while  the  same  stoves  would  require  cleaning  at  least  every 
two  or  three  months  when  using  dirty  gas.  Besides  the  saving  in 
labor  and  repairs,  greater  efSciency  is  obtained  from  the  stoves,  due 
to  more  complete  combustion  of  the  gas  and  consequently  a  lower 
temperature  of  the  escaping  products  of  combustion.  This  results  in 
a  smaller  amount  of  gas  being  required  for  combustion  and  thus 
renders  available  for  other  purposes  the  amount  of  gas  so  saved. 

The  stoves  are  also  more  eflicient,  due  to  the  greater  readiness 
with  which  a  clean  brick  surface  transmits  its  heat  to  the  air  for  blast 
than  a  brick  surface  covered  with  dust. 

Condensation  and  elimination  of  water  vapor  from  the  gas,  inci- 
dent to  the  wet  cleaning  process,  is  another  item  in  the  direction  of 
more  perfect  combustion,  which  in  the  presence  of  water  vapor  is  re- 
tarded ;  also,  the  amount  of  heat  carried  into  the  stack  flues  is  in- 
creased in  proportion  to  the  amount  of  water  vapor  present. 
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Smaller  checker  openiDgs  can  be  employed  in  stoves  when  using 
clean  gas,  thus  allowing  a  material  increase  in  the  amount  of  heating 
surface  of  a  hot-blast  stove.  For  instance,  in  Germany,  where  prac- 
tically all  hot-blast  stoves  are  heated  with  clean  gas,  the  checker  op- 
enings are  almost  universally  smaller  than  in  the  United  States,  where 
most  of  the  stoves  are  heated  with  dirty  gas.  However,  the  United 
States  is  following  Germany  in  this  direction  of  smaller  checker 
openings,  particularly  at  those  plants  where  clean  gas  is  used. 

In  boiler  practice,  similar  benefits  obtain  from  the  use  of  clean  gas^ 
the  settings  and  tubes  requiring  cleaning  at  less  frequent  intervals^ 
with  a  resultant  greater  efficiency. 

The  strains  in  stove  and  boiler  installations  due  to  contraction  and 
expansion,  caused  by  frequent  stops  for  cleaning  when  operating  on 
dirty  gas,  are  largely  avoided  when  operating  with  clean  gas  on  ac- 
count of  the  more  continuous  operation. 

In  conclusion,  it  is  my  opinion  that  the  proper  cleaning  of  blast- 
furnace gas  for  use  in  hot-blast  stoves  and  under  steam  boilers  is  very 
necessary  from  an  economical  standpoint,  in  all  cases  where  the  char- 
acter of  the  ores  and  the  operation  of  the  blast  furnace  cause  much 
dust  to  be  blown  over  from  the  furnace.  For  gas  engines,  the  use  of 
thoroughly  cleaned  gas  is  imperative  in  all  cases. 

The  two  primary  objects  of  this  paper  have  been  : 

1.  To  state  the  advantages  of  cleaning  blast-furnace  gas  where 
dusty  gases  are  produced. 

2.  To  describe  the  various  systems  by  which  the  required  cleaning 
can  be  accomplished. 

I  have  purposely  refrained  from  expressing  an  opinion  as  to  the 
relative  merits  and  costs  of  the  various  systems  described,  preferring 
that  prospective  users  should  themselves  determine  these  questions. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[8PBJBCT  TO  BEViaiPy.] 

DISGU8SI0X  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  perBon  at  the 
Kew  York  meeting,  October,  1918,  when  an  abstract  of  the  paper  will  be  read.  Jf  this  is  impossible, 
then  discaasion  in  writing  ma^  be  sent  to  the  Editor,  American  Institute  of  Mining  Kugineers,  29 
West  S9th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
aathor.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1913.  Any 
discuasion  oftred  thereafter  should  preferably  be  in  the  form  of  a  new  paper  for  publication  In  Vol. 
XLVII.  (with  suitable  cross  references  in  both  volumes). 
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(New  York  Meeting,  October,  1918.) 

Since  the  economies  in  the  blast  furnace  resulting  from  enriching 
iron  ores  are  bo  great,  much  attention  has  been  paid  during  the  past 
few  years  to  the  various  methods  of  concentrating  lean  ores,  and,  as 
the  concentrated  ore  is  usually  of  extreme  fineness,  various  methods 
of  agglomeration  and  sintering,  of  more  or  less  value,  have  been  put 
into  operation.  The  resulting  agglomerated  concentrates  are  gener- 
ally obtained  in  the  form  of  briquettes  or  nodules. 

The  briquettes  naturally  divide  themselves  into  two  classes:  (1) 
those  made  by  the  mixture  of  some  binding  agent,  and  then  formed 
into  briquettes  under  great  pressure ;  and  (2)  those  made  by  sinter- 
ing the  concentrates,  the  latter  either  being  formed  into  bricks  be- 
fore exposure  to  heat  or  the  sintered  mass  broken  into  fragments 
afterward.  Of  the  first  class  I  will  not  speak,  as  they  are  not  used 
on  an  extensive  scale  in  this  country. 

The  second  class  of  briquettes,  or  those  made  by  sintering,  are 
simply  masses  of  melted  or  fused  silicate  and  oxide  of  iron  mingled 
with  more  or  less  silicates  of  aluminum,  lime,  and  magnesia. 

The  fact  that  the  material  in  a  briquette  is  sintered  is  proof  posi- 
tive that  there  are  no  pores  in  the  material.  There  are,  however, 
quite  a  number  of  holes  of  greater  or  less  diameter  through  the  sub- 
stance of  the  briquette.  They  are  not  pores  in  the  common  accept- 
ance of  that  term  as  applied  to  ores  by  furnacemen,  as  the  sides  of 
the  holes  and  channels  are  fused.  In  reality  the  material  is  simply 
mill  cinder.  It  is  practically  untouched  by  the  gases  in  the  upper 
part  of  the  furnace,  and  the  iron  has  to  be  reduced  by  solid  carbon 
in  the  boshes  and  hearth.  Briquettes  sometimes  show  a  little  saving 
in  fuel  in  the  furnace  over  an  ore  mixture  of  large  lumps,  but  that 
saving  is  made  simply  because,  owing  to  the  numerous  holes  and 
channels  through  the  mass,  the  briquette  is  practically  composed  of 
numerous  small  or  fine  lumps,  and,  as  is  well  known,  the  finer  the 
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ore  is,  the  lower  the  fuel  consumption,  other  things  being  equal. 
The  limiting  condition  on  fineness  is  the  high  pressure  developed  by 
the  fine  ore  clogging  up  the  mass  of  stock  in  the  furnace,  and  the 
consequent  hanging  and  slipping,  and  the  irregular  distribution  of 
blast. 

The  value  of  a  sintered  ore  for  blast-furnace  use  depends  largely 
upon  the  size  and  physical  character  of  the  individual  pieces.  It  has 
been  proved  conclusively  with  a  hard  magnetic  ore  that  simply  crush- 
ing the  larger  lumps  to  1  in.  or  0.5  in.  in  size  will  materially  reduce 
the  fuel  consumption.  It  is  also  a  well-known  fact  that  an  ore  with 
a  porous  physical  structure  which  is  readily  permeable  by  gases  is 
preferable  to  one  with  a  vitreous  texture.  It  is  to  this  class  of 
sintered  products  that  both  briquettes  made  by  heat,  and  nodules  be- 
long. Neither  have  any  pores  in  the  proper  sense  of  the  word,  and 
consequently  both  require  more  fuel  than  porous  ores,  such  as  soft 
hematites,  etc. 

The  physical  structure  of  any  sintered  product  depends  more  upon 
its  chemical  analysis  than  upon  the  process  of  manufacture.  It  is 
not  true  that  nodules  are  vitreous  lumps,  and  that  briquettes  have  an 
open  and  porous  structure.  That  is  entirely  too  broad  a  statement, 
for  in  all  products  agglomerated  by  heat  the  binder  is  a  slag,  some 
combination  of  an  oxide  of  iron  with  lime,  silica,  alumina,  or  all,  and 
sometimes  with  magnesia  in  addition. 

If  the  ore  is  low  in  iron,  say  50  per  cent.,  then  any  process  of 
sintering  will  probably  produce  a  clinker  similar  to  mill  cinder ;  that 
is,  the  whole  mass  will  fuse  completely.  At  the  other  extreme,  with 
a  very  fine  magnetite,  for  example,  it  is  very  diflicult  to  produce  any 
sintering  at  all.  With  ores  analyzing,  say,  from  58  to  64  per  cent,  of 
iron,  the  proportion  of  acid  to  basic  elements  in  the  gangue  is  very 
important.  With  Cornwall  ore  the  most  infusible  mixture  is  formed 
when  the  quotient  of  the  bases  (lime  and  magnesia)  divided  by  the 
acids  (silica  and  alumina)  is  between  ^  and  ^.  The  ideal  result  is^ 
obtained  when  just  suflicient  slag  is  formed  to  bind  the  grains 
together  in  a  solid  but  porous  mass. 

It  is  important  to  have  the  proper  temperature  while  sintering,  and 
this  temperature  will  of  course  depend  upon  the  chemical  analysis  of 
the  materials.  It  is  also  important  economically  to  burn  the  maxi- 
mum of  fuel  for  the  maximum  tonnage,  and  it  may  therefore  be  ad- 
vantageous in  certain  cases  to  alter  the  chemical  composition  of  the 
material  by  the  addition  of  lime,  or,  if  the  product  is  a  concentrate, 
by  varying  the  ratio  of  concentration.  Blue  billy  is  one  of  the  easiei*t 
ores  to  treat  by  any  process  of  sintering,  and  flue  dirt,  even  after  the 
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coke  is  separated,  will  almost  invariably  f ase  to  a  product  resembling 
mfll  cinder. 

The  ideal  conditions  for  either  briquettes  or  nodules  rarely  occur 
in  practice,  so  that,  in  estimating  the  value  of  these  sintered  products 
for  a  furnace  mixture,  both  briquettes  and  nodules  must  be  taken  as 
composed  of  about  98  per  cent,  of  mill  cinder  and  2  per  cent,  of  por- 
ous ore. 

Nodules  from  concentrates  made  in  a  revolving  kiln,  when  of  the 
proper  chemical  composition  (in  the  case  of  nodules  made  from  con- 
centrated Cornwall  ore  this  has  been  shown  by  experience  to  be  about : 
Fe,  68;  8iO„  8;  Al^O,,  2;  CaO,  3;  and  MgO,  8.50  per  cent),  run  in 
fines  from  0.75  in.  in  diameter  to  powder  passing  through  a  screen 
100  meshes  to  an  inch.  The  amount  of  such  fines,  however,  is  ex- 
tremely small.  Some  monthly  averages  of  screen  tests  taken  at 
random  from  our  reports  show : 
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We  find  by  the  experience  of  six  years  that  when  not  more  than 
2  per  cent,  of  the  nodules  pass  the  20-mesh  screen  the  very  best 
results  are  obtained  in  the  furnace,  as  to  both  fuel  and  production. 
A  large  percentage  over  0.75  in.  in  diameter  is  of  no  especial  advan- 
tage except  in  lightening  the  pressure  of  the  blast  to  a  slight  degree, 
and  the  greater  the  percentage  around  0.25  in.  in  diameter,  the  better ; 
above  this  size  the  nodules  seem  to  require  more  fuel.  Below  it  the 
driving  of  the  furnace  is  retarded  by  the  increased  difficulty  of  blast 
penetration  and  distribution. 

The  size  of  the  nodules  depends  very  greatly  upon  the  composition 
of  the  ore,  as  above  stated.  Sometimes  when  a  lot  of  lean  ore  is  de- 
livered to  the  concentrator  the  resulting  nodules  may  run  as  low  as 
54  per  cent,  in  iron,  with  a  corresponding  increase  in  the  percentage 
of  gangue,  but  the  nodules  are  always  quite  coarse ;  as  much  as  60 
per  cent,  will  remain  on  the  0,75-in.  screen.  In  this  case  the  blast 
pressure  will  at  once  lessen  and  the  furnace  will  drive  faster. 
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Again  some  rich  ore  will  go  through  the  concentrator,  bringing 
the  iron  in  the  nodules  up  to  60  and  even  62  per  cent. ;  in  this  event 
the  nodules  will  be  much  finer;  l3ometimes  as  much  as  30  per  cent, 
will  pass  through  the  20-me8h  screen.  After  the  furnace  has  been 
filled  for  6  or  8  hr.  on  this  mixture  the  pressure  will  go  up,  the  driving 
will  slacken,  and  unless  precautions  are  at  once  taken  the  sulphur  in 
the  iron  will  run  up,  and  there  may  be  sticking  and  hanging  unless 
the  pressure  be  kept  down  to  reasonable  limits.  As  the  Pennsylvania 
Steel  Co.  at  its  Lebanon  plant  runs  almost  all  the  time  upon  low- 
phosphorus,  low-sulphur  iron,  with  whatever  siUcon  the  customer 
demands,  it  is  of  great  importance  that  conditions  in  the  furnace  be 
kept  regular.  The  Cornwall  ore  itself  as  delivered  to  the  concentrator 
will  vary  from  80  per  cent,  iron  to  45  per  cent.,  with  similar  varia. 
tions,  of  course,  in  the  gangue.  To  get  an  absolutely  regular  product 
commercially  and  under  working  conditions  with  such  varying  ore 
is  manifestly  impossible,  but  by  attention  and  study  the  nodulizing 
plant  has  reduced  the  variations  in  the  iron  content  of  the  nodules  to 
an  average  of  from  56  to  60  per  cent.,  and  by  using  a  series  of  holding 
pits  for  the  concentrates  the  daily  variation  in  the  nodules  is  rarely 
over  2  per  cent,  in  iron,  with  corresponding  differences  in  the  amount 
of  gangue.  The  ratio  of  SiO^,  Al^O^,  CaO,  and  MgO  among  them- 
selves varies  hardly  at  all,  so  the  net  result  of  variations  in  the  iron 
of  tne  nodules  means  an  equivalent  change  in  the  free  SiO,  to  be 
fluxed.  As  practically  all  the  iron  made  at  the  Lebanon  furnaces 
must  be  low  in  sulphur  (below  0.085)^  ftnd  the  silicons  demanded  are 
generally  low,  it  is  of  the  greatest  importance  that  the  composition  of 
the  slag  be  kept  regular,  especially  so  as  the  coke  runs  rather  high  in 
sulphur,  requiring  a  basic  slag  at  all  times,  even  when  on  high-silicon 
iron. 

To  enable  the  furnace  department  to  know  the  composition  of  the 
nodules  before  they  are  charged  into  the  furnace,  the  Superintendent 
of  the  concentrator,  Mr.  McEechnie,  has  his  samplers  take  a  sample 
from  the  nodule  kilns  every  hour.  These  samples  are  mixed,  and 
every  morning  a  sample  from  this  mixture  is  taken  to  the  laboratory 
for  analysis,  and  the  result  is  sent  to  the  furnace  office.  By  this 
means,  before  the  nodules  are  filled  into  the  furnace  their  composition 
is  known,  and  any  change  in  the  lime  required  is  made.  No  atten- 
tion is  paid  to  the  variations  of  the  iron.  Generally  speaking,  the 
same  fuel  is  required  whether  the  nodules  run  56  or  60  per  cent. 
The  leaner  nodules,  being  larger,  take  more  fuel,  while  the  richer 
ores,  although  more  easily  smelted  because  finer,  yet  pack  more  than 
the  coarse,  making  the  gas  distribution  less  perfect,  which  in  turn 
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increases  the  demand  for  fuel,  so  that  practically  we  find  little  or  no 
difference  between  56  and  60  per  cent,  nodules.  The  Lebanon  plant 
of  the  Pennsylvania  Steel  Co.  is  the  only  one  that  runs  a  furnace 
exclusively  upon  nodules,  and  consequently  a  few  remarks  upon  the. 
behavior  of  such  a  furnace  may  be  interesting. 

The  farnace  at  present  in  bliuBt  is  80  ft.  high,  11  ft.  6  in.  hearth , 
and  18  ft.  bosh,  with  18  ft.  stock  line,  filled  by  a  skip  with  bell 
bottom  emptying  over  the  hopper.  The  bell  lever  projecting  over 
one  side  of  the  hopper  has  a  tendency  to  create  a  channel  through 
the  stock,  owing  to  its  intercepting  the  materials  falling  upon  it  and 
causing  the  larger  lumps  of  coke  to  roll  under  it.  This,  however,  we 
combat  more  or  less  successfully  by  means  of  baffles  and  other  means. 
There  are  10  6-in.  tuyeres,  and  on  an  average  about  80,000  cu.  ft  of 
air  per  minute  is  blown,  which  is  nearly  the  usual  quantity  needed 
for  a  furnace  of  that  size  on  porous  ores.  Indeed,  we  find  that 
35,000  cu.  ft.  is  not  too  much  as  far  as  fuel  consumption  is  con- 
cerned, but  when  more  than  80,000  cu.  ft.  of  air  per  minute  is  put 
into  the  furnace  the  loss  in  fine  nodules  blown  out  of  the  top  is  ex- 
cessive. The  slight  gain  from  increased  tonnage  is  offset  by  an 
increased  amount  of  nodules  required  per  ton  of  iron. 

Until  the  concentrating  and  nodulizing  plant  at  Lebanon  was  in- 
stalled the  ores  used  were  entirely  roasted  Cornwall  magnetite,  run- 
ning irregularly  from  80  to  45  per  cent,  in  iron,  from  12  to  25  per 
cent,  in  SiOj,  and  alumina,  lime,  and  magnesia  in  varying  amounts, 
but  constant  relatively  to  themselves  and  to  the  acids,  so  that,  as 
with  nodules  now,  the  free  silica  present  determines  the  amount  of 
lime  to  be  added  to  or  taken  off  the  charge.  Fortunately,  Cornwall 
ore  carries  a  considerable  amount  of  magnesia,  which  largely  increases 
the  liquidity  of  the  cinder.  Were  it  absent,  running  a  furnace  on  all 
Cornwall  ore  would  be  almost  impossible,  as  in  24  hr.  the  silica  and 
alumina  in  the  cinder  may  change  from  48  to  88  per  cent.,  and  with- 
out from  8  to  12  per  cent,  of  magnesia  tiie  low  silica-slag  would  be 
so  refractory  and  stiff  that  it  would  not  run  through  the  cinder 
monkey.  In  fact,  the  presence  of  magnesia  in  the  Cornwall  ore  not 
only  enables  a  furnace  to  run  alone  on  this  ore,  but  renders  it  possible 
to  make  low-silicon  iron  with  low  sulphur.  Often  with  both  roasted 
Cornwall  ore  and  nodules  it  is  necessary  when  the  coke  is  high  in 
sulphur  to  run  for  months  at  a  time  on  a  cinder  carrying  only  from 
40  to  42  per  cent  of  silica  and  alumina,  and  such  a  cinder  would 
soon  clog  up  a  furnace  were  it  not  that  the  magnesia  renders  such  a 
cinder,  in  spite  of  its  basicity,  as  liquid  and  as  free-flowing  as  the 
ordinary  48  per  cent,  cinder  with  lime  alone  as  a  base. 
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In  addition  to  the  daily  nodule  analysis,  we  also  watch  the  coke 
very  closely,  both  as  to  the  quality  of  the'  coal  used  and  as  to  the  sul- 
phur and  ash.  Prom  the  nature  of  the  coke  operation  (we  use  Semet- 
Solvay  by-product  coke,  with  ovens  at  the  plant),  it  is  not  possible  to 
secure  an  analysis  of  the  coke  before  it  is  charged  into  the  furnace, 
but  the  ash  does  not  vary  much;  the  sulphur,  while  high,  is  also 
pretty  regular,  but  the  coals  used  do  at  times  vary  greatly  in  the  mix- 
ture, although  we  use  every  endeavor  to  keep  the  coal  mixture  as 
regular  as  possible.  This  regularity  in  coal  mixture  I  regard  as 
the  most  important  single  item  making  for  success  in  blast-furnace 
operation,  not  only  in  making  low-sulphur  iron  from  high  sulphur 
materials,  but  with  all  ores  on  all  kinds  of  iron.  This  point  has  not 
had  the  attention  paid  to  it  that  nearly  all  the  other  elements  con- 
cerned in  making  iron  have  had  from  time  to  time,  but  in  my  opinion, 
based  on  nearly  80  years'  practical  direction  of  blast  furnaces,  nine- 
tenths  of  all  furnace  troubles  would  disappear  were  it  possible  to 
always  give  a  furnace  a  well-burned  coke  made  from  a  regular  un- 
varying mixture  of  coals. 

A  report  of  the  different  tonnages  of  coal  charged  each  day  is  sent 
to  the  blast  furnace  office  every  morning,  and  as  that  coke  is  not 
pushed  until  the  next  day,  wc  know  exactly  what  mixture  is  in  the 
furnace,  and  when  any  coke  of  a  changed  mixture  will  be  filled.  As 
different  coals,  even  when  the  oven  temperatures  are  the  same,  differ 
enormously  in  the  quality  of  coke  they  make,  this  knowledge  is  of 
great  value,  and  enables  the  furnace  superintendent  to  take  any 
measures  he  judges  best  to  meet  the  change.  The  hardness  of  the  coke 
made  is  of  great  importance  in  the  successful  working  of  nodules. 

The  nodules  themselves,  being  a  fine  ore,  fill  more  or  less  the  open- 
ings between  the  pieces  of  coke,  and  if  the  pieces  of  coke  are  soft, 
and  crumble  with  a  large  percentage  of  breeze,  it  can  easily  be  seen 
that'the  blast  will  have  great  difficulty  in  penetrating  and  distribut- 
ing itself  through  the  resulting  mass.  On  the  contrary,  with  hard 
coke  and  coarser  nodules  no  difficulty  whatever  is  experienced  in 
using  all  nodules ;  the  pressures  are  not  high,  the  fuel  is  moderate, 
and  the  furnace  works  far  more  regularly  than  with  Mesabi  ores.  In 
fact,  all  difficulties  in  working  nodules  come  from  softness  of  the 
coke  and  the  fineness  of  the  nodules.  Where  these  two  elements  are 
absent,  a  furnace  will  work  as  well  on  nodules  of  any  chemical  com- 
position as  on  any  other  iron-bearing  ore.  The  chemical  composi- 
tion of  the  nodules  can  be  taken  care  of  by  proper  fluiting,  bat  for 
packing  in  the  furnace  through  soft  coke  or  excessively  fine  nodules 
there  is  no  remedy  whatever,  and  where  these  twt>  conditions  hold 
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a  furnace  will  never  ran  so  succeBsfuUy  on  all  nodoles  as  on  gas- 
reduced  ore  or  ore  in  lumps. 

The  amount  of  fuel  needed  per  ton  of  iron  made  from  nodules, 
using  well-burned  by-product  coke  made  from  a  mixture  of  mountain 
coals,  runs  from  2,800  to  2,400  lb.  in  good  practice.  Little  iron  is 
reduced  by  the  gases  because  of  the  nature  of  the  nodules,  which  are 
but  small  lumps  of  mill  cinder,  requiring  solid  carbon  for  reduction ;  i  '   ^-^ 

but  if  the  coke  happens  to  be  soft  the  fuel  will  increase  enormously,  -     ' 

a  vast  amount  being  consumed  in  the  upper  part  of  the  stack  by  the 
CO,.    With  first-class  Connellsville  beehive  coke  the  fuel  would  be  <      , 

less,  because  we  have  generally  noticed  that  whenever  we  have 
charged  Connellsville  coke  the  silicon  in  the  iron  will  jump  up, 
sometimes  being  raised  from  around  1.5  to  2.5  per  cent,  in  the  casts 
made  on  the  Coniiellsville  coke. 

A  very  important  point  in  working  on  all  nodules  is  the  location 
of  the  melting  point  When  too  low,  although  the  silicon  may  be 
high  and  the  furnace  hot,  yet  the  gases  will  be  thin,  the  pressure 
very  high,  and  the  furnace  will  slacken  in  driving  to  hardly  more 
than  half  the  usual  gait.  On  the  other  hand,  a  too  high  melting 
point  will  give  gases  which,  while  extremely  abundant,  will  burn 
with  difficulty  on  account  of  their  dustiness.  The  pressure  will  be 
lower  than  normal,  and  the  driving  very  fast,  but  the  burden  carried 
will  be  less  than  in  the  best  conditions,  the  hearth  cooler,  and  the 
Bulphur  kept  down  in  the  iron  with  great  difficulty,  but  with  a  good 
production  of  iron. 

Of  course  these  conditions  depend  entirely  on  physical  causes. 
In  the  first  instance,  the  melting  or  rather  sticky  point  is  in  the  bosh 
or  narrowing  part  of  the  furnace,  and  the  area  there  being  contracted 
there  are  fewer  passages  for  the  blast  to  go  through  the  sticky  mass. 
In  the  second  case,  where  the  melting  point  is  high,  the  area  of  the 
mass  is  greater,  affording  more  passages  for  the  gases,  and  conse- 
quently the  pressure  is  less.  The  important  point  is  to  have  this 
sticky  level  at  just  the  right  height,  which  can  easily  be  told  by  the 
general  behavior  of  the  furnace,  its  fuel  economy,  and  its  production 
and  quality. 

The  variations  in  fineness  in  the  nodules  require  pretty  careful 
watching  of  the  penetration  of  the  blast,  and  to  find  out  whether  the 
blast  is  uniformly  distributed  over  the  tuyere  area  the  old-time  test  is 
used :  viz.,  driving  a  bar  through  a  tuyere  into  the  center  of  the  fur- 
nace as  quickly  as  possible,  allowing  it  to  remain  for  2  min.,  with- 
drawing it  rapidly,  and  examining  the  bar  to  see  whether  it  is  uni- 
formly heated,  or  hotter  in  spots.     With  nodules  it  seems  to  be  even 
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more  important  to  have  a  uniform  heat  over  the  tuyere  area  than 
with  ores  reduced  by  the  gases.  The  gases  themselves  are,  like  all 
furnace  gases  made  from  hard  non-porous  magnetites  or  mill  cinders, 
very  low  in  COj  and  high  in  CO,  the  ratio  between  the  CO,  and  CO 
being  from  1:4  to  1:6  instead  of  from  1 : 1.8  to  1 :  2.5  as  with  gas- 
reduced  ores ;  consequently  they  are  much  less  inflammable,  and  gas 
explosions  are  very  rare  or  unknown  while  the  blast  is  on  the  furnace. 

With  nodules,  as  with  all  other  ores,  a  moderate-sized  furnace  seems 
to  be  more  economical  than  the  jumbos.  All  difficulties  from  soft 
coke  and  fine  nodules  are  increased  when  our  100-ft.  furnace  is  work- 
ing on  all  nodules,  and  harder  coke  and  coarser  nodules  are  required 
for  success  than  with  the  80-ft.  furnace. 

In  conclusion :  with  a  hard  regular  coke,  and  nodules  of  which  95 
per  cent  will  remain  on  a  20-mesh  screen,  there  are  no  especial  diffi- 
culties in  working  on  all  nodules,  provided  some  procedures  dictated 
by  experience  and  probably  different  at  every  plant  are  observed. 
With  soft  coke  and  very  fine  nodules  trouble  will  be  had  at  any 
furnace  and  under  all  conditions  of  management. 

The  slag  volume  required  for  working  with  nodules  is,  within  rea- 
sonable bounds,  not  very  important. 
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BY  H.    B.   BABNHURST,   ALLENTOWN,  PA 
(New  York  Meeting,  October,  191S.) 

It  would  be  a  difficult  matter  to  trace  from  the  beginning  the  very 
few  improvements  made  in  the  burning  of  fuels  prior  to  1860.  Doubt* 
less  the  crossing  of  the  sticks  of  wood  in  building  a  wood  fire  early 
appealed  to  our  savage  ancestry  as  a  means  of  expediting  its  effective- 
ness for  their  crude  culinary  purposes.  Stones  and  andirons  came 
later  in  assisting  the  admission  of  air  to  the  under  part  of  the  fuel 
bed,  while  beacons  and  cressets  utilized  metal  bars  as  supports  for 
the  same  purpose.  It  is  probable  that  Tubal  Cain  owed  his  success 
to  the  use  of  bellows  making  possible  the  use  of  mixed  fuel  and 
charge  upon  a  hearth.  With  the  development  of  working  in  cast 
iron,  grate  bars  came  in,  and  they  are  still  with  us  doing  duty  in 
every  household  and  almost  every  art  where  heat  is  a  factor. 

Little  was  done  beyond  these  crude  methods  prior  to  1860.  With 
the  advancement  of  knowledge  came  the  fuel-gas  producer,  a  natural 
child  of  the  retorts  employed  in  supplying  illuminating  gas. 

It  is  only  within  the  last  16  years  that  the  conclusion  became  gen- 
eral that  complicated  systems  for  saving  heat  would  not  remedy  defi- 
ciencies in  its  primary  development,  and  within  that  time  there  has 
been  great  advancement  in  the  means  of  producing  initially  a  fire  of 
high  efficiency,  so  that  to-day  we  are  moving  rapidly  toward  both 
high  development  and  high  absorption,  with  the  resultant  of  high 
efficiencies. 

In  studying  the  subject  of  the  availability  of  pulverized  coal  as  a 
fuel,  it  may  occur  to  ask,  why  has  this  not  come  up  earlier  ?  This 
question  would  be  naturally  prompted  by  recalling  the  fact  that 
Thomas  Crompton's  English  patents  upon  his  methods  were  issued 
to  him  nearly  40  years  ago.  A  conclusive  answer  to  this,  however, 
ij»  that  Crompton  at  that  time  had  very  crude  facilities  for  making 
what  was  at  beet  a  very  imperfect  pulverization  of  the  coal,  and  the 
expense  of  preparation  was  very  great.  He  does  not  seem  to  have 
been  aware  of  the  advantage  of  a  thorough  drying  of  the  coal  in  the 
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effort  to  reach  high  efficiencies.  In  short,  while  the  possibilities  of 
high  results  were  indicated,  the  means  of  reaching  them  was  left  for 
later  developments. 

It  was  not  until  the  pressing  demands  of  the  cement  industry  for 
a  low-priced  fuel  of  high  efficiency  became  imperative  that  pulverized 
coal  was  found  to  fulfill  almost  ideal  conditions.  In  this  industry  the 
grinding  of  cement  materials  cheaply,  to  a  high  degree  of  fineness, 
was  early  found  to  be  a  necessity.  The  finer  the  grinding  the  better 
the  cement  produced  by  it.  So  pulverizing  coal  as  a  fuel  fell  natur- 
ally into  the  hands  of  men  able  to  powder  cheaply  a  material  much 
less  refractory  than  cement  rock  or  clinker,  and  to  the  degree  of  fine- 
ness which  would  show  the  best  results. 

It  was  early  noted  that  the  more  thorough  the  drying  and  the  finer 
the  coal  was  ground,  the  higher  the  results.  Of  course,  there  is  a 
limit  of  practicability. 

Coal  properly  ground  will  burn  thoroughly  if  85  per  cent,  passes 
through  200  mesh  and  95  per  cent,  through  100  mesh,  the  measuring 
screen  apertures  squaring  ^^  and  ^^  in.  respectively.  I  use  the 
term  "  properly  ground  "  to  express  the  condition  that  the  coal  thus 
pulverized  shall  contain  a  high  percentage  of  ultimate  fine  dust  prac- 
tically unmeasurable. 

The  author  has  found  in  such  properly  ground  coal  a  percentage 
above  70  capable  of  passing  through  SOO-mesh  screens,  squaring  ^ 
in.  on  the  side.  It  may  be  presumed  that  these  percentages  progress 
relatively  in  the  further  reductions  contained,  as  the  larger  screens, 
of  course,  pass  all  such  fines  without  rejections.  There  appears  to  he 
no  practicable  means  of  measuring  the  highly  divided  particles. 

As  we  can  burn  all  the  coal  thus  prepared,  including  the  rejections 
when  the  percentages  named  pass  the  200-mesh  and  lOO-mesh  screens, 
there  seems  to  be  no  good  reason  for  pushing  pulverization  beyond 
this  point.  Coal  can  be  cheaply  brought  to  this  condition  and  the 
mills  able  to  do  this  work  have  large  capacity.  Higher  percentages 
may  be  reached  by  the  sacrifice  of  capacity,  and  consequently  econ- 
omy. This  standard  of  85  per  cent,  through  200  mesh  and  95  per 
cent,  through  100  mesh  is  a  practicable  commercial  standard  and 
should  be  maintained. 

It  may  not  be  amiss  at  this  point  to  describe  the  conditions  con- 
tributory to  the  high  success  attendant  upon  the  use  of  pulverized 
coal  in  cement  kilns.  Two  objects  are  in  view  in  this  part  of  the 
cement-making  process:  1,  driving  off  of  the  carbon  element  in  the 
carbonate  of  lime  used  as  a  material ;  2,  the  subsequent  formation  of 
clinker  nodules  by  partial  vitrification. 
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In  an  incliued  kiln,  sfty  7  ft.  internal  diameter  and  140  ft  long,  ^e 
cement  material  is  delivered  at  the  top  of  the  incline,  which  it  de- 
scends by  the  rotation  of  the  kiln.  The  carbon  of  the  lime  is  driven 
off  at  a  comparatively  low  heat,  after  which  the  charge  approaches 
the  zone  of  greatest  thermal  activity  and  is  there  "  clinkered,"  or 
partly  vitrified,  at  a  very  high  heat  The  fuel  is  fired  at  the  lower 
end  of  the  kiln  and  passes  up  in  reverse  direction  to  the  progressing 
charge  coming  down.  The  walls  of  the  kiln,  as  well  as  the  charge, 
ahsorb  the  heat  of  the  passing  gases  and  communicate  it  in  degree  to 
the  charge  when  by  rotation  the  hot  walls  pass  under  it  The  hot 
zone  of  greatest  activity  is  some  10  to  30  ft.  from  the  point  of  fuel 
admission. 

The  lower  end  of  the  kiln,  immediately  adjacent  to  the  fuel  admis- 
sion, receives  but  little  beat  directly  from  tlie  fuel,  but  it  is  neverthe- 
less very  hot  from  the  mass  of  nodulized  clinker  coming  at  high  heat 
from  the  hot  zone  and  heating  the  kiln  walls  by  transmission.  The 
drop  in  temperature  is  estimated  to  be  from  2,900®  in  the  hot  zone  to 
2,100°  at  discharge. 

The  clinker  cascades  as  it  advances  through  the  rotating  kiln.  This 
forms  at  the  lower  end  of  the  kiln  a  heated  chamber  into  which  the 
fuel  is  injected,  so  that  deflagration  takes  place  quickly. 

This  hot  chamber  is  a  condition  that  must  be  imitated  in  an  attempt 
to  use  the  fuel  in  other  conditions.  Cement  burners,  however,  do  not 
find  it  necessary  to  deflagrate  the  coal  close  to  the  nozzle  of  the  enterr 
ing  pipe.  Their  control  of  the  admission  of  air  is  not  complete,  hence 
they  rely  upon  the  heating  of  the  air  coming  in  mainly  at  the  dis- 
charge opening,  passing  there  over  the  clinker  and  subsequently 
through  10  or  15  ft  of  the  heated  kiln.  This  assists  in  cooling  the 
clinker  somewhat  and  in  preheating  the  admitted  air  which  subse- 
quently supplies  combustion. 

Cement  burners  make  little  attempt  to  control  the  volume  of  the 
air  supply.  It  is  difficult  under  the  existing  conditions.  There  is  no 
doubt  that  better  results  would  attend  such  control. 

As  a  justification  for  this  extended  description  of  the  process  of 
cement  burning,  the  author  submits  that  of  the  90,000,000  barrels  of 
cement  which  will  probably  be  produced  in  1913  in  the  United  States, 
at  least  72,000,000  barrels  are  being  burned  with  pulverized  coal  as 
the  fuel.  As  the  average  quantity  of  coal  burned  is  at  least  100  lb. 
per  barrel,  or  20  barrels  burned  with  2,000  lb.  of  coal,  the  total  use 
of  pulverized  coal  in  this  industry  amounts  to  at  least  10,000  short 
tons  per  24  hr.  This,  coupled  with  the  fa<3t  that  it  is  not  unusual  for 
rotary  cement  kilns  to  be  in  continuous  operation  for  from  12  to  15 
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months,  would  certainly  establish  confidence  and  remove  doubt  as  to 
the  reliability  of  this  use  of  coal. 

Undoubtedly  the  proper  method  of  firing  pulverized  coal  is  to 
admit  with  the  fuel  the  exact  quantity  of  air  necessary  to  the  result  to 
be  attained,  as  shown  by  observation,  and  to  maintain  the  relationship 
between  the  fuel  and  air  quantities  as  long  as  conditions  desired  are 
being  fulfilled. 

This  matter  of  complete  control  of  the  two  factors,  fuel  and  air,  is 
and  will  be  at  the  root  of  all  success  with  pulverized  or  sprayed  fuel 
in  metallurgical  processes. 

It  is  unfortunate  in  the  present  state  of  our  arts  that  it  is  difficult 
to  obtain  very  exact  readings  of  the  temperatures  attainable  in  the 
burning  of  fuel.  We  do  know,  however,  that  a  certain  quantity  of 
air  will  deliver  the  oxygen  required  to  give  the  highest  attainable 
heat  from  a  given  fuel.  With  a  knowledge  of  the  components  of  a 
fuel,  the  laws  of  thermo-chemistry  inform  us  not  only  of  the  quantity 
of  oxygen  we  must  have,  but  the  theoretically  attainable  temperatures. 

Applying  these  laws  further,  we  learn  that  any  air  or  oxygen  sup- 
plied in  excess  of  these  requirements  simply  dilutes  the  products  and 
lowers  the  temperature ;  also,  that  insuflBcient  air  and  oxygen  will 
burn  part  of  the  fuel  to  CO,  and  part  of  it  to  CO,  and  with  the  air 
supply  halved  we  obtain  only  the  poisonous  and  inflammable  CO. 
However  short  we  may  be  of  pyrometers,  there  is  in  the  eye  of  the 
intelligent  operator  a  gauge  which  tells  him  at  a  glance  whether  the 
heat  he  has  is  serving  his  purpose.  Pulverized  fael  has  a  great 
advantage  in  this  respect. 

It  need  not  be  supposed  that  an  operator  must  be  perpetually  ad- 
justing his  apparatus.  If  we  find  that  with  the  air-gate  fijced  at  a 
certain  opening  the  fire  is  too  hot,  a  simple  reduction  in  the  quantity 
of  fuel  admitted  lessens  the  source  of  heat  and  changes  the  ratio  of 
the  air  to  the  fuel.  If  not  hot  enough,  more  fuel  gives  more  heat 
units  entering  and  a  lessened  excess  of  air,  resulting  in  a  heightened 
temperature. 

In  all  probability,  it  will  be  found  that  excess  air  must  be  admitted 
constantly  to  keep  the  heat  from  reaching  destructive  limits.  With 
control  of  both  the  quantity  and  quality  of  heat,  this  danger  is  negli- 
gible. 

If  we  consider  the  burning  of  coal  as  shoveled  or  fed  in  bulk,  it 
must  be  conceded  that  a  certain  degree  of  comminution  or  pulveriza- 
tion takes  place  in  the  fire  as  a  necessity  of  combustion.  Coal  does 
not  burn  in  lumps,  but  its  ash  comes  away  pulverized,  and  this  grad- 
ual pulverization  occurs  in  the  fire  at  the  expense  of  some  of  the  heat 
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units  in  the  work  done.  As  this  is  done  slowly,  it  is  often  necessary 
to  supply  large  grate  area  so  that  the  collective  surfaces  exposed  for 
disengagement  of  heat  shall  be  sufficient  for  the  purpose  for  which 
the  fire  is  used. 

To  be  classed  as  a  fuel  a  material  must  be  able  to  give  out  more 
heat  than  it  receives.  No  fuel  will  burn  until  its  particles  are  brought 
to  this  self-supporting  condition  by  the  heat  absorbed  from  some  . 
particle  previously  burned.  Not  only  this,  but  the  oxygen  must  be 
heated  likewise  to  a  combining  temperature.  This  involves  equally 
heating  the  accompanying  nitrogen.  This  heat  must  be  passed  from 
substance  to  substance  in  increments  small  in  themselves  but  collect- 
ively as  large  as  the  occasion  demands. 

Id  the  use  of  pulverized  coal,  therefore,  we  have  best  prepared  this 
fuel  for  the  absorption  and  evolution  of  heat,  but  in  addition  we  pre- 
pare the  air  by  practically  a  similar  subdivision  for  joining  in  the 
process. 

The  sequence  of  events  in  combustion  is  now  conceived  to  be  as 
follows :  The  volatile  carbonaceous  elements  of  the  fuel  are  first  dis- 
engaged, producing  highly  combustible  hydrocarbons,  and  these  in 
turn  combine  with  the  oxygen,  burning  to  CO^,  and  H^O,  disengag- 
ing heat  enough  to  cause  the  same  sequence  of  happenings  to  the 
fi:ced  carbon  components.  This  reasoning  seems  to  be  credible,  and 
is  based  upon  the  heating  not  only  of  the  substances  of  the  fuel  but 
of  the  oxygen,  all  of  which  must  be  raised  in  temperature  to  the  point 
from  which  heat  development  can  proceed  in  excess  of  heat  absorption. 

It  must  be  evident  that  comparatively  large  masses  of  fuel  supplied 
by  large  volumes  of  air  will,  for  reasons  simply  mechanical,  fail  in 
efficiency.  This  is  more  particularly  so  where  a  large  content  of  volar 
tile  matter  is  set  free  by  contact  with  another  mass  of  incandescent 
fuel  and  heated  surroundings.  Under  such  conditions  it  would  seem 
impossible  to  get  the  best  results  from  any  fuel.  The  sweeping  off 
of  volumes  of  volatile  gases  by  large  volumes  of  insufficiently  heated 
air  produces  smoke.  This  smoke  represents  but  a  small  weight  of 
carbon  unburned,  but  indicates  a  condition  in  which  gases  of  large 
quantity  pass  off  uncombined.  A  heavy  draft  pressure  accentuates 
this  condition,  and  records  are  plentiful  of  a  large  passage  through 
fires  of  oxygen  which  has  failed  of  its  duty  from  lack  of  heat  as  pre- 
paratory to  combination.  Carbon  monoxide  is  necessarily  liberated 
into  an  atmosphere  of  incombustible  gases  deficient  in  oxygen,  ren- 
dering difficult  the  further  establishment  of  active  combustion. 

It  does  not  require  many  moments'  thought  to  perceive  that  a  pul-  '*•  .| 

verized  fuel,  the  particles  of  which  are  each  surrounded  by  a  minute 
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envelope  of  air,  stifficient  to  thoroughly  burn  it,  is  an  ideal  fuel  under 
ideal  conditions.  In  projecting  thus  a  cloud  of  fuel  into  a  highly 
heated  chamber,  each  particle  because  of  its  opacity  becomes  an 
absorbent  of  heat  radiating  not  only  from  the  chamber  walls,  but 
from  each  neighboring  particle  as  it  inflames.  This  inflammation 
progresses  with  rapidity  almost  inconceivable.  Pulverized  fuel  in- 
jected, thus  with  its  air  supply  at  a  speed  of  several  thousand  feet  per 
minute  inflames  right  up  against  the  delivery  nozzle,  the  flame  play- 
ing about  its  mouth.  This  is  best  accomplished  by  avoiding  high 
pressure  for  projecting  the  fuel.  The  final  mixture  of  air  and  fuel 
is  at  the  instant  of  projection  into  the  furnace. 

It  must  not  be  forgotten  that  an  expansion  of  volume  takes  place  in 
the  air  carrying  the  fuel  as  soon  as  it  is  heated.  This  expansion  is  of 
course  based  upon  the  related  absolute  temperatures  and  explains  the 
large  volume  assumed  by  the  flame  on  leaving  the  point  of  entrance. 
Excess  air  so  carried  partakes  also  of  the  expansion. 

The  temperatures  usable  cover  a  range  of  nearly  2,000°,  or  from 
about  2,000°  to  4,000°.  ,  By  ordinary  manipulation  as  described,  the 
temperature  and  quantity  of  fire  can  be  changed  as  easily  as  the  tam- 
ing on  or  off  of  a  gas  jet.  The  response  is  instantaneous.  This  par- 
ticular feature  renders  the  use  of  pulverized  fuel  particularly  suitable 
in  metallurgical  furnaces.  It  has  been  found  so  in  steel  and  iron 
working,  being  to-day  in  the  following  uses:  ore  roasting,  flue-dust 
nodulizing,  opeai-hearth  furnaces,  puddling  furnaces,  busheling  fur- 
n^^qes,  heating  furnaces,  forge  furnaces. 

The  main  difficulties  in  the  earlier  and  experimental  stages  were 
caused  by:  1,  not  drying  the  coal;  2,  poor  pulverization;  3,  the 
carrying  of  too  high  temperatures ;  4,  the  use  of  ports  too  small,  giv- 
ing the  gases  too  high  velocity. 

With  a  knowledge  of  how  much  air  is  required  with  a  given  amount 
of  fuel  to  produce  a  given  temperature,  and  a  knowledge  of  the  volume 
of  gases  so  produced,  it  is  easy  to  proportion  the  ports  both  of  inlet 
and  outlet  so  that  a  scouring  blow-pipe  effect  may  be  avoided.  The 
excellent  practice  already  attained  is  undoubtedly  due  to  the  applica- 
tion of  this  knowledge. 

Aside  from  the  advantages  attainable  in  the  higher  efficiency  of  the 
fuel,  there  are  a  number  of  things  which  in  actual  service  contribute 
to  the  profltableness  of  its  use. 

The  furnace  begins  its  work  almost  instantly  and  with  whatever 
degree  of  intensity  may  be  desired.  There  are  no  periods  of  lowered 
temperature  due  to  flring  cold  fuel.  There  is  no  cleansing  of  fires  for 
puddling  or  heating,  so  that  operation  is  practically  continuous.   There 
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is  some  cinder  formed  in  puddling  and  heating  furnaces,  which  is  dis- 
posed of  in  the  usual  way.     The  most  of  the  ash  passes  out  of  the  ; 
chimney  and  floats  away  lightly.  >  The  neutral  ash  content  within                                   i 
reasonable  limits  does  not  affect  the  fire  appreciably.                                                            .  ' 

It  has  been  somewhat  difficult  to  obtain  from  large  users  close  data 
concerning  the  performances  of  the  varioas  furnaces.  Perhaps  the 
best  evidence  of  success  is  the  continuance  of  use  and  the  enlarge- 
ment of  plants  now  going  on  in  extension  of  business  upon  the  same 
lines.  The  author  is  able,  however,  to  submit  the  following  authentic 
data: 

In  roasting  carbonate  ores  of  high  sulphur  content,  the  carbon  has 
been  driven  off  and  the  sulphur  reduced  within  permissible  limits  by 
the  use  of  less  than  7.5  per  cent,  of  fuel  upon  the  weight  of  the  charge. 
This  problem  involves  the  maintenance  of  a  low  temperature,  about 
2,100°  F.,  to  prevent  the  agglomeration  of  the  ore  fines  into  masses. 
The  same  practice  obtains  in  the  roasting  and  nodulizing  of  ores  and 
flue  dust,  where  the  heat  is  maintained  sufficient  to  permit  the  ore  to 
form  nodules  or  balls,  but  not  to  stick  to  the  walls  of  the  roasting 
kiln. 

In  open-hearth  practice  with  pulverized  coal,  steel  is  being  made 
with  this  fuel  at  the  rate  of  from  450  to  500  lb.  per  net  ton  of  pro- 
duct. This  is  an  average  of  45  heats,  the  fuel  and  product  being 
carefully  weighed. 

These  figures  were  obtained  during  a  continuous  run  of  six  weeks. 
The  furnace  was  operating  beautifully  when  visited  by  the  author, 
and  no  mechanical  difficulty  had  been  experienced.  The  melts  were 
obtained  in  slightly  less  time  than  with  oil,  which  had  been  used  pre- 
viously. An  analysis  of  the  slags  produced  with  each  fuel  is  as 
follows : 

OU.  Coal. 

SiO, 16  *            16.6 

FeO 22  18.2 

BinO 7.4  6.7 

PA 1-7  1.9 

Final  analjsU  of  the  steel : 

Sulphur 0.026  to  0.036    0.036  to  0.04 

Snlphor  in  ooal,  1  to  1.16  per  oent. 
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There  appears  here  to  be  no  more  difference  than  would  occur 
daily  in  the  variations  of  the  charge  and  of  the  fuel. 

In  puddling  furnaces  the  fuel  supply  varies  with  the  season,  the 
cool  weather  of  spring  and  fall  permitting  a  larger  output  than  when 

intensely  hot  weather  affects  the  men  tending  the  furnace.     It  is  safe  7        *    j     • 

to  say  that  iron  can  be  puddled  at  an  average  expense  of  1,200  lb. 
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pulverized  fuel  per  gross  ton  of  muck  bar  produced ;  in  fact,  less  than 
1,000  lb.  of  coal  per  gross  ton  of  bars  has  been  shown  in  practice 
during  periods  when  favorable  temperatures  and  continuity  of  work 
conduced  to  high  economy. 

In  heating  furnaces  and  busheling  furnaces  there  is  some  latitude 
of  performance,  due  to  varied  charges  placed  in  the  furnaces  and  to 
the  size  of  mill  served  by  them.  The  average  consumption  of  pulver- 
ized fuel  in  heating  furnaces  seems  to  be  from  500  to  550  lb.  of  fuel 
per  gross  ton.     The  busheling  furnaces  require  from  550  to  600  lb. 

To  obtain  such  results,  however,  the  furnaces  must  be  properly 
proportioned  and  equipped  and  in  good  condition.  It  must  not  be 
expected  that  the  results  obtained  by  simply  squirting  coal  of  greater 
or  less  degree  of  pulverization  into  a  furnace,  with  an  unmeasured 
jet  of  air,  will  equal  the  practice  here  shown.  The  figures  given  are 
authentic  and  may  be  relied  upon.  Success  insists  upon  dry  coal, 
fine  pulverization,  proper  air  supply. 

Another  factor  is  that  the  attendants  should  be  interested  in  the 
production  of  high  results.  Men  of  a  good  order  of  intelligence 
operating  mechanism  which  displaces  the  shoveler  and  the  wheel- 
barrow man,  and  who  are  constantly  on  the  "  firing  line,'*  both  prac- 
tically and  metaphorically,  are  extremely  valuable  in  this  art.  The 
operations,  however,  are  simple  and  the  manipulations  few  and  rational 
in  their  nature.  With  such  men  further  advances  may  surely  be 
looked  for. 

The  procedure  followed  in  the  proper  preparation  of  pulverized 
fuel,  as  well  as  delivering  it  to  the  furnace,  is  as  follows : 

The  coal  is  received  in  the  pit  of  an  elevator,  into  which  it  is  dumped 
from  the  cars.  The  elevator  carries  it  to  the  hopper  of  a  pair  of 
crushing  rolls.  The  coal  after  passing  through  these  rolls  may  be 
weighed  by  automatic  recording  scales. 

The  coal  should  also  pass  over  a  magnetic  separator  at  this  stage 
to  remove  iron  or  steel  scrap  in  the  shape  of  nuts,  bolts,  pick  points, 
wedges,  and  such  foreign  matter,  which  would  interfere  with  the 
pulverization. 

The  coal  is  next  introduced  into  a  drier  to  expel  the  moisture.  A 
good  drier  of  approved  design  will  remove  6  lb.  of  moisture  per  pound 
of  fuel  used  in  firing  the  drier  and  the  product  will  ordinarily  carry 
less  than  1  per  cent  of  moisture.  From  the  pit  into  which  the  dried 
coal  falls  from  the  drier,  it  is  elevated  to  bins  above,  from  which  it  is 
evenly  fed  by  spouts  and  feeders  to  the  pulverizing  mills.  These 
mills,  if  of  proper  construction,  grind  the  coal  rapidly  to  the  degree 
of  fineness  required. 
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The  pulverized  coal  is  led  to  the  pit  of  an  elevator,  which  carries 
it  aloft  to  a  conveyor  which  distributes  it  to  the  coal  bins,  from  which 
it  is  delivered  by  gravity  to  the  pipes  leading  to  the  burners. 

It  is  well  to  note  at  this  point  that  pulverized  coal  should  always 
be  handled  as  a  solid  and  not  as  a  dust-cloud.  To  convey  it  by  a 
plenum  of  air  insures  the  existence  of  a  mixture  of  air  with  the  coal, 
the  only  state  in  which  it  is  dangerous,  while  if  leaks  in  the  apparatus 
exist  the  surroundings  become  insupportably  dirty.  The  delivery  of 
the  coal  in  this  form  also  makes  necessary  some  form  of  settling  or 
concentrating  chamber  wherein  the  coal  may  reappear  as  a  solid. 
The  requirement  of  velocity  in  the  air  current  sufficient  to  float  the 
coal  along  causes  an  expenditure  of  power  greatly  in  excess  of  that 
required  by  properly  constructed  elevators  or  conveyors. 

The  bins  for  holding  the  coal  are  proportioned  to  carry  sufficient 
fuel  to  serve  the  furnace  during  intervals  in  which  the  mills  may  not 
run ;  as,  for  instance,  coal  may  be  ground  and  stored  for  24  hr.  con- 
tinuous sei-vice  by  running  the  mills  for  10  hr. 

The  coal  is  fed  from  the  bottom  of  the  bin  by  a  worm  feed  screw 
provided  with  a  variable-speed  drive,  so  that  the  furnace  may  receive 
the  coal  as  desired.  The  coal  falls  freely  from  the  feed  screw  delivery 
through  a  closed  pipe,  mixing  with  air  in  its  descent  in  preparation 
for  entering  the  burner  pipe. 

The  burner  pipe  is  so  formed  that  the  air  passing  through  it  from 
a  fan  not  only  projects  the  fuel  into  the  furnace,  but  also,  while  doing 
so,  act«  as  an  injector  in  drawing  with  it  th«  descending  column  of 
air  containing  the  entrained  coal  from  bins  above.  The  fuel  there- 
fore is  completely  mixed  with  the  ultimate  column  of  air  entering 
the  furnace.  The  speed  and  volume  necessary  for  the  proper  furnace 
performance  are  predetermined  from  known  data. 

The  air  is  controlled  by  the  fan  speed  or  by  gates,  or  by  both,  and 
the  coal  by  the  number  of  revolutions  of  the  feed  screw  per  minute. 
The  operator  adjusts  these  factors  to  the  quantity  and  intensity  of 
fire  desired,  and  by  inspection  at  times  sees  that  the  conditions  remain 
constant.  The  construction  of  the  furnace  is  not  materially  changed. 
The  operating  cost  in  the  furnace  room  is  very  low  indeed,  as  one 
man  can  oversee  a  number  of  furnaces.  The  furnaces  are  so  varied 
in  construction  and  operation  that  it  is  not  fairly  in  the  scope  of  this 
paper  to  discuss  them.  It  tnust  suffice  to  state  that  any  solid  fuel 
which  can  be  dried  and  pulverized  can  reach  its  highest  efficiency  in 
that  form,  and  for  this  reason  fuels  hitherto  deemed  unavailable, 
such  as  coke  breeze,  lignite  culm,  and  anthracite  culm,  may  be  now 
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looked  apon  favorably  as  responsive  to  the  call  for  cheapness  in  the 
source  of  heat. 

Begarding  the  actual  practice  in  the  use  of  pulverized  fuel,  the  ease 
with  which  it  is  burned  has  been  to  a  certain  extent  a  drawback 
rather  than  an  advantage.  This  is  a  statement  paradoxical  in  its 
nature,  needing  explanation.  The  novelty  of  the  method  is  so  at- 
tractive that  those  experimenting  with  it  are  at  first  satisfied  with 
producing  a  good  fire  with  simple  apparatus  in  which  may  exist  no 
such  means  of  control  as  are  necessary  to  the  accomplishment  of  the 
best  economy. 

It  is  no  success  to  use  twice  as  much  fuel  as  the  work  at  the  time 
may  require,  nor  is  it  a  success  to  drive  a  small  fire  to  a  destructive 
intensity  to  make  good  defective  proportioning. 

The  proportioning  involves  knowledge  of  the  heat  requirements  of 
the  job.  The  amount  of  fuel  necessary  may  be  ascertained  and  the 
volume  and  velocity  of  the  air  supply  computed.  With  this  comes 
necessarily  a  prescription  of  the  volume  of  the  furnace,  that  combus- 
tion may  have  time  for  its  completion.  The  proper  size  of  ports 
taking  off  the  gases,  the  size  of  the  chimney,  and  the  velocities  of  the 
gases,  should  all  be  as  carefully  determined  for  pulverized  fuel  as  for 
gas  or  oil.  A  simple  experimental  trying  out,  with  a  defective  link 
in  the  chain  of  conditions,  should  not  be  regarded  as  conclusive. 

With  proper  predetermined  proportioning  of  the  apparatus,  the 
operation  will  be  elastic  or  adjustable  to  a  wide  range  of  performance 
under  a  very  nearly  constant  percentage  of  efficiency.  This  is  unat- 
tainable in  an  installation  which  may  or  may  not  be  proportioned  to 
the  production  of  high  efficiency  at  any  particular  duty.  For  this 
reason  the  ease  with  which  pulverized  fuel  may  simply  be  burned 
does  not  assure  that  the  best  results  are  being  obtained. 
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A  Chart  for  Use  in  Connection  with  Wet  and  Dry  Bulb  Ther- 
mometers in  Making  Psychrometric  Determinations. 


BY  CLAB£NC£  P.    LINYILLE,    EVEEETT,   PA. 
(New  York  Meeting,  October,  1918.) 

In  an  article  published  iu  the  Iron  Trade  Review^  I  gave  a  con- 
venient arrangement  for  the  installation  of  wet  and  'dry  bulb  ther- 
mometers for  use  in  making  moisture  determinations  in  the  air  being 
blown  into  a  blast  furnace,  and  also  gave  a  chart  for  use  in  obtaining 
moisture  values  from  the  thermometer  readings.  The  data  from 
which  this  chart  was  prepared  were  obtained  from  the  tables  in  use 
by  the  U.  S.  Weather  Bureau."  The  work  of  Carrier  ^  has  shown  that 
these  tables  are  somewhat  in  error.  He  has  recalculated  the  values 
for  moisture  as  referred  to  wet  and  dry  bulb  thermometer  readings, 
and  he  has  prepared  a  psychrometric  chart  from  the  values  thus 
obtained.  This  work  has  placed  the  subject  of  psychrometry  upon  a 
correct  scientific  basis.  I  think  it  is  proper  that  we  should  recognize 
the  importance  of  his  work  and  give  him  credit  for  one  of  the  most 
interesting  and  valuable  researches  that  have  been  published  in  recent 
years. 

Slast-fumace  men  are  not  ready  to  use,  as  he  suggests,^  a  value 
expressed  in  grains  of  water  accompanying  a  pound  of  dry  air. 
However  convenient  this  may  be  for  heating  and  ventilating  work 
and  other  engineering  problems,  there  are  several  reasons  for  prefer- 
ring the  use  of  a  value  expressed  in  grains  of  water  in  a  cubic  foot  of 
mixed  air  and  water  vapor,  in  connection  with  combustion  phenomena 
and  the  effects  of  moisture  on  blast-furnace  operation.  Previous 
papers  presented  to  the  Institute  have  used  such  values  and  we  have 


^Determining  Moisture  in  Air  Blast,  Iron  Trade  Review^  vol.  xlvii,  No.  26,  p.  1205 
(Dec  29,  1910). 

'  Weather  Bureau  Bulletin  No,  235,  U.  S.  Department  of  Agriculture. 

'  Willis  H.  Carrier :  Rational  Psjchro metric  Formulae.  TranacLCtions  of  the  American 
Society  of  Mechanical  Engineers,  vol.  zxxiii,  pp.  1005  to  1039  (1911). 

*  See  disciiSBion  of  paper  by  Bruce  Walter,  An  Improved  Method  of  Drying  Air  for  Blast 
Furnaces,  Proceedings  of  the  Engineer^  Society  of  Western  Pennsylvania,  vol.  xxviii,  No.  4, 
p.  292  (May,  1912). 
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CHART   FOR   PSYCHROMETRIC   DETERMINATIONS. 


CHART  FOR  USE  IN  MAKING 

PSYCHROMETRIC  DETERMINATIONS 

USING  WET  AND  DRY 

BULB  THERMOMETERS. 

(BASED  ON  CARRIERS  RESEAROHES) 

Dry  Bulb  Temperatures  -Head  on 

vertical  lines. 

Wet  Bulb  Temperatures— Read  on- 

slant  lines. 

Grains  Moisture  in  a  volume  of 

mixed  Air  and  Water  Vapors-equiva 

lent  to  a  Cubic  Foot  measured  at 

Standard  Conditions  —  Bead  on 

horizontal  lines. 


90         100         110 


DRY  BULB  TEMPERATURES 
FiQ.  1. — Chart  for  Use  in  Makikg  Psychrometric  Determikation& 
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somewhat  familiar  with  the  effectB  of  moisture,  as  expresBed 

of  grains  per  cuhic  foot  of  ur,  on  furnace  operation. 

be  shown  that  the  theoretical  temperature  of  combustion  of 
aries  in  almost  exact  proportion  to  the  amount  of  moisture 
in  a  cubic  foot  of  the  mixed  air  and  water  vapors,  while  the 
becomes  much  more  complex  when  the  amount  of  water  is 
il  in  grains  accompanying  a  pound  of  dry  air. 
lese  reasons,  and  also  because  of  a  desire  for  a  convenient 
r  use  in  my  own  investigations,  I  have  thought  it  worth 

prepare  a  chart,  basing  it  upon  the  work  of  Carrier,  but 
the  necessary  modifications  so  that  the  readings  will  give, 
led  with  temperatures  taken  with  dry  and  wet  bulb  ther- 
■a,  values  expressed  in  grains  of  moisture  actually  present  in 
i  of  mixed  air  and  water  vapors,  which  will  be  equivalent  to 

foot  measured  at  standard  conditions  of  temperature  and 

(32°  F.  and  29.92  in.  barometer). 

7  be  noted  that  the  method  used  in  obtaining  the  values  for 
'eparing  this  chart  was  as  follows : 

Mr.  Carrier  states  that  a  correction  of  1.5  per  cent,  of  the 
e  between  the  dry  and  wet  bulb  reading  should  be  made  by 
ng  this  amount  from  the  wet  bulb  temperature,*  to  correct  for 
1,  all  computations  made  took  account  of  this  correction  and 
intly  the  chart  can  be  used  without  the  necessity  for  making 
rection  of  thermometer  readings.  It  should  be  stated,  how- 
it  it  is  necessary  to  maintain  an  air  velocity  over  the 
leter  bulbs  of  approximately  2,000  ft.  per  minute.  Thus,  for 
,  if  the  reading  of  the  wet  bulb  should  be  80°  with  a  dry  bulb 
;ure  of  110°,  the  corrected  readings  would  be  79.55°  and  110° 
ely.  Hence  in  preparing  the  chart  the  value  used  for  80*  and 
s  obtained  by  using  the  reading  given  by  Carrier's  chart  for 
ad  110°. 

the  value  so  obtained  gives  grains  of  moisture  accompanying 
of  dry  air,  it  is  ueceseary  to  reduce  it  to  grains  in  a  standard 
be  mixed  gases.  This  was  done  by  determining  the  volume 
iter  vapor  in  cubic  feet,  standard  conditions,  adding  it  to  the 
)f  a  pound  of  dry  air,  standard  conditions,  and  dividing  the 
ins  by  the  number  of  cubic  feet  of  mixed  gas.  This  value 
38  grains  of  water  vapor  in  a  volume  of  mixed  air  and  water 
ach  as  would  give  a  cubic  foot  of  the  mixed  gases  at  standard 

IB. 

;h  values  were  computed  so  that  a  sufficient  number  of  points 
ID  from  W.  H.  Carrier. 
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could  be  located  for  the  construction  of  a  chart,  and  these  valaes  were 
plotted,  and  the  chart  constructed  as  shown. 

As  an  example  of  the  use  of  the  chart,  let  us  assume  that  the  dry 
bulb  reading  is  110^  and  the  wet  bulb  reading  is  80^.  Reading  on 
the  horizontal  line  we  come  to  the  vertical  line  reading  110.°  Pol- 
lowing  this  line  upward  until  it  intersects  the  slant  line  marked  80° 
and  then  reading  over  horizontally,  we  find  that  the  readings  indicate 
8.07   grains  of  moisture  per  standard  foot. 

In  case  it  should  be  desired  to  convert  these  values  into  grains  of 
moisture  in  a  cubic  foot  of  mixed  vapors  at  any  other  temperature 
than  32°  the  following  table  is  given : 


Temperature.  Factor. 
Degrees  F. 

0  1.0669 

6  1.0582 

10 1.0469 

16 1.0368 

20 1.0260 

25 1.0144 

30 1.0041 

82 1.0000 

36 0.9916 

40 0.9840 

46 0.9742 

60 0.9646 

66 0.9562 

60 , 0.9460 


Temperature.  Factor. 

Degrees  F. 

66 0.9370 

70 0.9281 

76 0.9195 

80 0.9109 

86 0.9025 

90 0.8948 

96 0.8862 

100 0.8783 

106 0.8706 

110 0.8629 

116 0.8664 

120 0.8480 

125 0.8407 
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The  question  of  the  allotropy  of  iron,  in  spite  of  a  vast  amount  o! 
experimental  work  and  perhaps  an  even  greater  amount  of  theorizing, 
is  not  yet  settled.  That  there  is  a  definite  transformation  in  iron  near 
900,^  the  AS  point,  is  generally  recognized,  as  well  as  the  fact  that 
the  temperature  of  this  transformation  is  lowered  by  the  addition  of 
carbon  and  metallic  elements.  On  heating,  the  transformation  Ac3 
is  always  found  at  a  higher  temperature  than  the  transformation  on 
cooling,  Ar3.  Whether  the  A3  transformation  is  sharp  like  the 
melting  point  of  a  pure  substance,  or  extends  over  a  considerable 
range  of  temperatures,  embracing  perhaps  as  a  lower  limit  the  A2 
change,  appears  to  be  still  an  open  question  for  pure  iron.  The 
nature  and  identity  of  the  A2  transformation,  it  would  appear  from 
recent  publications,  has  not  yet  been  satisfactorily  settled. 

In  the  present  paper  a  critical,  historical  summary  is  given  of  the 
experimental  investigations  of  the  location  of  A2  and  A3  in  pare 
iron,  together  with  brief  mention  of  some  of  the  theoretical  aspects 
of  the  subject,  and  an  account  is  given  of  a  series  of  experiments 
carried  out  with  several  samples  of  very  pure  iron  which  were  studied 
by  two  methods  of  thermal  analysis  in  the  range  from  500°  C.  to 
1,000°  C,  and  which  it  is  believed  furnish  a  contribution  of  consider- 
able interest  as  to  the  location  and  nature  of  the  A3  and  A2  trans- 
formations. 

Great  attention  has  been  given  to  the  details  of  experimental  man- 
ipulation and  to  the  preparation  of  the  samples,  as  it  was  soon 
found  that  some  of  the  discrepancies  noted  in  the  work  of  many  ex- 
perimenters may  be  traced  largely  to  lack  of  precautions  which  we 
have  found  essential. 

For  example,  to  anticipate  somewhat,  it  is  necessary  to  provide  a 
suitable  practically  gas-free  furnace,  the  heating  and  cooling  of  which 
may  be  regulated  to  a  nicety.  To  render  a  minimum  the  deforming 
effects  on  the  cooling  and  heating  curves  of  the  poor  conduction  of 
the  sample,  it  must  be  of  a  form  and  mass  to  pass  on  its  heat  rapidly 
and  completely  to  the  thermocouple ;  and  finally  the  sample  itself 
must  be  freed  from  gases  which,  if  present,  further  mask  the  definite- 
ness  of  the  heating  and  cooling  curves.  We  have  also  varied  withiu 
wide  limits  the  several  factors  which  may  influence  the  determination 
of  the  exact  location  and  shape  of  the  transformation  ranges,  espe- 
cially the  mass  and  preparation  of  sample,  rate  of  heating  and  cool- 
ing, design  of  furnace ;  and  finally,  as  nearly  as  it  is  experimentally 
possible,  we  have  worked  with  a  substance  approaching  pure  iron, 
free  from  occluded  gases  and  other  impurities,  and  contained  within 
a  vacuum. 


THE   CRITICAL   RANGBS   a2   AND   a3   OF   PURB   IRON.  2539 

A  preliminary  notice  of  some  of  the  experiments  carried  oat  in 
1911  and  1912  has  already  been  pablished/  but  since  this  work  the 
experimental  method  has  been  greatly  improved  and  several  newly 
prepared  samples  have  been  studied. 

The  methods  of  this  investigation  are  described  in  detail,  as  they 
are  the  same  now  being  used  in  a  new  study  of  the  iron-carbon 
system,  and  because  they  are  believed  to  be  of  some  interest  in 
themselves. 

Theories  of  the  Allotropt  of  Iron. 

Several  explanations  have  been  offered  for  the  existence  and  nature 
of  the  transformations  in  iron,  and  the  discussion  of  this  subject  has 
usually  been  linked  with  the  transformations  occurring  in  the  iron- 
carbon  system.  For  the  consideration  of  'pwre  iron,  however,  it  seems 
simpler  and  sufficient  to  forget  for  the  moment  the  iron-carbon  sys- 
tem, which  has  no  more  relation  to  pure  iron  than,  say,  the  iron- 
manganese  or  the  iron-sulphur  series  of  alloys.  Furthermore,  if 
there  were  agreement  as  to  the  facts  concerning  these  transforma- 
tions, the  establishment  of  a  satisfactory  explanation  in  terms  of  well- 
known  physico-chemical  principles  should  not  be  difficult.  But  we 
are  in  the  presence  of  a  double  uncertainty,  both  as  to  facts  and  as  to 
theory.  Until  the  facts  are  well  established  and  recognized,  any 
theory  can  be  at  best  only  a  working  hypothesis. 

Briefly  stated,  the  current  hypotheses  regarding  the  A3  and  A2 
transformations  in  iron  are : 

(1)  The  critical  points  A3  and  A2  divide  iron  sharply  into  three 
allotropic  forms :  y  iron,  above  A3;  /?  iron,  between  AS  and  A2l; 
and  a  iron,  below  A2. 

(2)  The  critical  point  A3  is  the  seat  of  an  allotropic  change,  but 
the  A2  point  is  not,  the  transformation  at  A  2  being  associated  mainly 
with  the  loss  of  magnetism,  which  is  accompanied  by  a  small  thermal 
change.  Hence,  there  is  no  li  iron  according  to  this  theory,  and  the 
A2  transformation  may  be  abrupt  or  spread  over  a  considerable  tem- 
perature interval,  as  experiment  may  require. 

(3)  The  critical  range  A2  is  not  independent  of  A3  but  forms  a 
part  of  the  A3  transformation.     Here,  again,  we  have  no  ^  iron,  but 

to  account  for  an  evolution  of  beat  on  cooling  at  A2  requires  assump-  •  \ 

tions  regarding  the  mutual  solubility  of  y  iron  in  a  iron,  and  even  the 
simultaneous  existence  is  metastable  equilibrium  of  two  kinds  of 
molecules  of  the  same  substance. 
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This  last  type  of  physico-chemical  eqailibrium  has  been  studied 
both  theoretically  and  experimentally  by  Smits  for  several  chemical 
systems,  and  for  any  particular  case  may  be  verified  by  noting  the 
change  in  location  of  the  transformation  temperatures  with  rate  of 
cooling. 

Benedicks  has  put  forth  a  theory  o  allotropy  in  which  the  alio- 
tropic  change  may  be  of  several  types,  as  illustrated  in  Fig.  1.  To 
iron  he  would  assign  Type  Ila,  which  relegates  A2  to  the  end  point 
of  AS  or  the  temperature  at  which  y  and  a  irons  cease  to  interact 

If  A2  can  be  shown  to  be  constant  in  position 
independently  of  rate  of  cooling,  then  Smite's 
analysis  will  not  apply,  and  if  A2  persists  in 
magnitude  and  location  for  heating  and  cooling 
through  the  A2  range  and  holding  the  sample 
a  long  time  below  AS  but  above  A2,  Bene- 
dicks's  hypothesis  becomes  of  little  meaning. 

There  are  various  other  minor  modifications 
of  the  above  three  hypotheses,  all  of  whidi 
have  been  useful,  and  perhaps  none  of  which 
is  without  value  in  furnishing  some  part  of  a 
satisfactory  explanation  of  the  transformations 


Temp.-* 


T,    T 


lib 


m  iron. 

Previous  Determinations  of  A2  and  A3 

IN  Iron. 

We  shall  pass  in  review  briefly  the  experi- 
mental evidence  as  to  the  existence  and  nature 
of  transformations  in  iron  at  A2  and  A3  as 
shown  from  observations  on  the  physical  prop- 
erties of  iron,  including  dilatation,  electrical 
and  magnetic  changes,  specific  heat,  evolution 
and  absorption  of  heat,  crystalline  structure, 
and  deformation  under  stress.  As  we  are  deal- 
ing with  a  single  element,  purely  chemical  changes  would  not  be 
expected  to  shed  any  light  on  the  question  of  such  transformations, 
and  there  appear  to  be  no  strictly  chemical  data  bearing  on  the 
subject,  except  some  inconclusive  work  on  the  dissolving  power  for 
carbon. 

In  quoting  the  numerical  values  of  the  temperatures  assigned  to 
transformations  as  noted  by  the  several  observers  (See  Tables  I  and 
II),  it  should  be  borne  in  mind  that  there  are  considerable  discrepan- 
cies in  the  temperature  scales  used,  and  sometimes  the  method  of 


Ti  Tj    Tcmp«» 

Fig.  1 — Types  op  Allo- 
tropy, Benedicks. 
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experimental  operation  leads  to  incorrect  temperatures  of  the  phe- 
nomena measared.  "No  general  attempt  is  made  here  to  correct  the 
temperatures  as  given  by  the  several  observers^  as  for  the  most  part 
such  correction  would  be  extremely  uncertain.  This  uncertainty  is 
farther  enhanced  in  some  cases  by  the  impurity  of  the  samples  of 
iron  operated  upon. 

In  this  historical  summary,  we  are  more  concerned  with  the  quali- 
tative aspect  of  the  transformations — their  very  existence,  in  fact — 
than  their  exact  location,  which  latter  we  believe  is  most  exactly 
defined  by  our  own  experiments. 

CriHcal  Ranges  as  Determined  by  Expansion, — Both  from  the  work  of 
Charpy  and  Grenet  and  of  Broniewski,  observations  on  the  expansion 
of  iron  give  no  indication  of  the  existence  of  A2.  The  former  place 
the  contraction  observed  as  lying  in  the  interval  from  860°  to  890° 
for  iron  with  0.08  carbon,  while  the  latter  finds  it  above  950°  for 
electrolytic  iron. 

The  disagreement  here  is  great  enough  to  again  raise  the  ques- 
tion, as  was  done  by  Le  Chatelier  in  1899,  of  the  speed  and  other 
conditions  of  heating,  and  also  whether  the  sensibility  of  the  methods 
used  was  great  enough  to  detect  A2.  Even  its  non-existence,  in  so 
far  as  expansion  is  concerned,  would  prove  only  that  iron  immedi- 
ately above  and  below  A2  has  the  same  coefficient  of  expansion,  or 
simply  that  the  A2  transformation  is  unaccompanied  by  appreciable 
change  in  volume,  a  not  unreasonable  possibility.  The  more  recent 
experiments  of  Rosenhain  and  Humfrey  would  appear  to  indicate  a 
slight  volume  change  accompanying  A2. 

Oritical  Ranges  by  Thermoelectric  Observations. — This  method  of  ob- 
Ber\^ation  is  open  to  the  serious  objection  for  the  exact  location  and 
description  of  critical  ranges,  that  the  iron  which  forms  one  element 
of  a  thermocouple  must  be  partly  in  a  hot  region  and  partly  in  a  cold. 
The  reactions  due  to  whatever  transformations  take  place  will  be  pro- 
gressive along  the  iron,  and  thereby  may  mask  any  transformation 
on  heating,  for  example,  after  the  one  taking  place  at  the  lowest 
temperature. 

Using  a  Fe-Cu  thermocouple,  Broniewski  finds  for  electrolytic  iron 
a  hazily  defined  point  of  inflexion  at  730°  and  another  at  950°  on 
heating  (or   at  850°  for  0.07  per  cent  carbon),  but  with  a  Fe-Pt  •  \ 

couple  he  is  able  to  detect  only  the  point  at  1,020°,  which  Miiller 
claims  is  due  to  hydrogen.  Both  Harrison  and  Belloc  fail  to  get  any 
thermoelectric  discontinuity  with  Fe  against  either  Cu  (Harrison)  or 
Pt  (Belloc),  but  appear  to  find  a  maximum  for  the  curve  of  thermo- 
electric power  at  about  800°. 
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Thu8  the  thermoelectric  data  on  the  critical  ranges  of  iron  appear 
to  be  meager  and  of  little  value,  and  the  thermoelectric  method  can- 
not register  transformations  sharply  except  with  an  indefinitely  short 
furnace,  or  one  having  no  appreciable  length  between  the  inside  and 
outside  temperatures  along  the  iron  sample.    ' 

Critical  Ranges  in  Terms  of  Crystalline  Structure. — There  appears  to 
be  practical  unanimity  of  opinion  concerning  the  evidence  offered  by 
the  various  investigations  (Osmond  and  with  Cartaud,  Stead  and  Car- 
penter, Rosenhain  and  Humfrey,  and  others)  concerning  the  existence 
of  changes  of  crystalline  structure :  namely,  that  the  change  occur- 
ring in  the  A2  region  is  not  accompanied  by  any  appreciable  crystal- 
line change,  while  the  AS  transformation  in  pure  iron  is  so  accompa- 
nied. All  these  experiments  appear  to  show  there  is  no  crystallo- 
graphie  difference  between  ^  and  a  iron,  although  there  does  not 
appear  as  yet  to  be  perfect  accord  as  to  the  nature  of  the  crystalline 
change  taking  place  at  A8. 

Critical  Bavges  as  Detected  by  Mechanical  Methods. — The  study  of  the 
mechanical  properties  of  metals  at  high  temperatures  offers  very  great 
experimental  difficulties,  and,  as  far  as  approximately  pure  iron  is 
concerned,  the  only  experiments  which  shed  any  light  on  the  detec- 
tion of  A2  and  AS  by  mechanical  means  are  those  of  Rosenhain  and 
Humfrey,  who  have  carried  out  two  series  of  measurements  on  tensile 
strengths,  the  first  of  a  more  qualitative  nature,  in  which  an  iron  99.76 
pure,  containing  O.OS  carbon,  was  used,  and  the  second,  much  more 
elaborate,  with  iron  containing  0.1  per  cent,  carbon.  Both  series 
show  a  distinct  discontinuity  for  the  A2  range  and  for  the  AS  range. 
See  Fig.  2. 

Critical  Ranges  as  Given  by  Electrical  Resistance. — The  electrical  re- 
sistance  of  approximately  pure  iron  at  high  temperatures  has  been 
studied  among  others  by  Le  Chatelier,  Hopkinson,  Morris,  Boudou- 
ard,  Harrison,  A.  R.  Meyer,  and  Broniewski. 

The  observations  show,  when  plotted  as  resistance  (or  ratio  of  re- 
sistance hot  to  resistance  cold,  RVRjo)  against  temperature,  a  continu- 
ous curve  which  begins  to  inflect  at  temperatures  ranging  from  700° 
(A.  R.  Meyer)  to  800°  or  higher  (Le  Chatelier,  Hopkinson).  At 
about  900°  to  950°  the  curve  becomes  nearly  horizontal  for  all  ob- 
servers, and  according  to  Broniewski  has  another  inflection  at  1,020°. 
This  observer,  however,  took  observations  with  the  iron  in  an  atmo- 
sphere of  hydrogen,  but  Miiller  has  shown  that  with  electrolytic  iron 
a  critical  point  is  obtained  thermally  in  this  region  only  until  the  hy- 
drogen is  removed  by  successive  heatings. 

The  observations  of  Meyer  appear  to  have  been  taken  with  consid- 
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re  on  very  pure  samples  of  iron,  &nd  when  plotted  aa  dR/dt 
give  a  cusp  at  700°  and  are  strikingly  similar  to  the  mag- 
ceptibility  curves  as  ascertained  by  Curie  and  others,  as 
Fig.  2.  The  observations  of  Morris,  who  used  iron  99.92 
i  a  sharp  maximum  for  dR/dt  at  765°,  and  Somerville  gets 
50°  with  an  undefined  iron,  while  Boudonard  finds  two 
the  R  :  t  curve,  one  at  775°,  the  other  at  885°. 
the  case  of  nickel  with  its  single  transition  point  in  the 
lont  370°,  the  electrical  reustance  curve  appears  to  antici- 
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were,  the  A2  transformation  for  iron,  which,  as  measured 
lenomeuon,  may  be  considered  as  starting  some  60°  or  70° 

maximum ;  or,  in  Benedicks's  nomenclature,  is  a  transfor- 

Type  Ila.  The  observations  of  Broniewaki  also  show  a 
flection  (for  AS?)  at  about  950°,  although,  if  present,  this 
should  have  been  detected  by  Morris,  Meyer,  and  others. 

Sanges  as  Determined  Magnelically. — Hopkinson,  using  a 
ron  containing  0.01  per  cent,  of  carbon  and  0.362  per  cent, 
npiirities,  mostly  slag,  finds  a  cusp  in  the  permeability  curve 
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at  775°,  the  permeability  for  a  magnetizing  force  of  0.3  falling  from 
11,000  at  775°  to  1  at  786°.  With  a  mild  Bteel  containing  0.126  per 
cent,  carbon  and  0.244  manganese,  the  peak  is  at  780°  for  the  same 
email  magnetizing  force. 

The  exhaustive  experiments  of  P.  Curie  show  that  the  intensity  of 
magnetization  (I)  is  markedly  dependent  upon  the  value  of  the  mag- 
netizing force  (H)  for  iron  containing  only  0.04  per  cent,  carbon,  and 
decreases  (for  all  values  of  H)  at  first  gradually  with  rise  in  tempera- 
ture and  above  700°  with  increasing  rapidity,  reaching  almost  to  zero 
at  760°,  for  all  values  of  H,  where  there  is  an  abrupt  turn  in  the  I: 
T  curve.  Above  750°,  the  I  :  T  curve  possesses  no  considerable 
variations  until  1,280°  C.  The  magnetic  susceptibility  k  =  IjE 
(plotted  as  log  k  :  T  in  Fig.  2)  decreases  with  great  abruptness  at 
about  750°,  ajthough  the  decrease  in  k  begins  gradually  from  below 
626°  (high  values  of  H  decreasing  k  at  lower  temperatures  than  low 
values  of  H).  There  is  a  further  abrupt  drop  in  k  beginning  at  about 
860°  and  terminating  sharply  at  920°.  Terry  finds  that  ferro-raag- 
netism  disappears  on  heating  and  reappears  on  cooling  at  785°. 

The  magnetic  behavior  of  iron  in  the  region  about  750°  appears  in 
all  respects  similar  to  the  behavior  of  other  ferro-magnetic  substances, 
such  as  nickel,  cobalt,  and  magnetite,  in  the  region  of  their  single 
magnetic  transformation  points,  which  for  these  substances,  it  is  of 
importance  to  note,  are  also  transformation  regions  aa  measured  bv 
other  physical  properties,  such  as  electrical  resistance,  thermoelec- 
tricity, and  thermal  or  calorimetric  effects. 

This  last  is  well  shown  by  the  experiments  of  Weiss  and  his  asso- 
ciates, who  are  able  to  compute  from  purely  magnetic  data  obtained 
from  higher  temperatures  the  transformation  points  by  means  of  the 
equation  k  (T  —  0)  =  constant,  and  compare  them  with  the  values 
obtained  calorimetrically.  In  this  way  Weiss  and  Beck  find :  Trans- 
formation points  =z  0  —  273  : 

Calculated  Observed 

MagneticaUy.  Calorimetrically. 

Iron 753°  758° 

Nickel 376°  376° 

Magnetite 588°  580° 

Later  magnetic  observations  by  Weiss  and  Foex  place  the  Curie 
point,  0  (  =  A2),  at  774°  for  electrolytic  iron  using  less  than  0.5  g., 
divide  the  ^  re^on  into  two  parts,  P  ^  and  /5^^  and  locate  the  transition 
from  p2^^  ^  ^^^^  ^^*^  great  sharpness  at  920*^, 

Magnetically  speaking,  therefore,  it  appears  reasonable  to  claim 
that  the  critical  range  A2  for  iron  is  strictly  similar  to  the  trans- 
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formation  taking  place  generally  in  ferro-inagnetic  substances  as  they 
pass  over  into  the  feebly  magnetic  state.  In  addition,  the  iron  under- 
goes a  further  distinct  magnetic  modification  accompauying  the  A3 
transformation. 

Critical  Hanges  as  Determined  (JalorimetricaUy. — There  have  been 
several  determinations  of  the  specific  heat  of  iron  at  high  tempera- 
tures, but  for  most  of  them,  in  the  range  from  700°  to  950°  the 
observations  are  not  closely  enough  spaced  to  locate  the  critical 
ranges  with  definiteness. 

Weiss  and  Beck  were  able  to  identify  the  Curie  point,  computed 
from  magnetic  data,  with  an  abrupt  change  in  the  specific  heat  of 
iron  at  about  765°  to  760°  (or  A2),  but  did  not  go  high  enough  in 
temperatures  to  reach  A3. 

Mcuthen,  using  the  vacuum  furnace  and  calorimeter  of  Oberhofier, 
has  been  able  to  locate  both  A2  and  A3  with  considerable  exactness 
for  iron  containing  0.06  per  cent  carbon,  in  terms  of  the  specific  heat. 
See  Fig.  2.  He  places  A2  at  770°  to  790°  and  A3  at  880°  to  900°. 
Also  A2  remains  constant  in  temperature  to  the  point  0  in  Fig.  3. 

The  calorimetric  data,  therefore,  give  positive  evidence  of  the 
existence  of  A2  for  iron  containing  about  0.06  carbon. 

From  Meuthen's  calorimetric  observations,  the  amount  of  heat 
evolved  at  Ar2  is  about  the  same  as  at  Ar3,  while  by  cooling-curve 
methods  all  observers  find  the  heat  effect  at  A3  at  least  three  times 
that  at  A2. 

Critical  Ranges  of  Iron  from  Heating  and  Cooling  Curves, — An  enor- 
mous amount  of  work  has  been  done  on  the  location  by  thermal 
methods  of  the  critical  ranges  of  steels  and  other  ferrous  alloys,  much 
of  which  is  very  contradictory.  This  is  discussed  at  length  in  several 
papers  and  especially  in  a  recent  one  by  Prof.  H.  M.  Howe.*  While 
some  light  may  perhaps  be  thrown  on  the  position  and  properties  of  A3 
for  pure  iron  from  an  examination  of  the  behavior  of  impure  irons, 
for  the  A2  transformation  in  pure  iron  we  would  expect  to  learn  little 
or  nothing  from  a  study  of  impure  iron  on  account  of  the  very  small 
quantity  of  heat  involved  in  the  transformation,  which  one  would 
expect  to  be  considerably  masked  or  attenuated  by  the  impurities 
present. 

It  appears  to  be  a  remarkable  fact,  however,  that,  generally  speak- 
ing, whenever  A2  is  detected  at  all,  it  is  always  found  at  the  same 
temperature,  whatever  the  composition  of  the  iron  alloy.  For  ex- 
ample, the  discussion  of  Professor  Howe  would  place  the  break  at  0 

*  H.  M.  Howe:  Diflcussion  of  the  Existing  Data  as  to  the  Position  of  Ae3.     BuUetm 
No.  78,  June,  1913,  pp.  1099  to  1136. 


4 

r 

p 

I    •     ^ 


4 

4 


« 


» 


* 


< 


% 


'  1 


i. 

1 

4» 

« 

I 
■ 

« .     . 

f 

J 

. 

"l 

» 
1 

1 

1 
1 

2546 


THE   CRITICAL   RANQRS   a2   AND    a8   OF   PURS   IRON. 


in  the  line  Q  0  Sj  Fig.  8,  at  769°  C,  which  is  exactly  the  tempera- 
ture we  find  experimentally  for  A2  max.  in  pure  iron.  In  other 
words,  the  A2  line  for  the  Fe-C  system  is  horizontal,  as  shown  from 
a  discussion  of  practically  all  existing  data,  and  the  A2  point,  viewed 
in  this  way,  would  appear  to  have  the  characteristics  of  a  Fe-C 
eutectoid  with  the  possible  important  if  not  crucial  exception,  of 
which  we  do  not  appear  as  yet  to  have  sufiicient  experimental  proof, 
that  the  quantity  of  heat  involved  in  the  A2  transformation  does  not 
vary  appreciably  with  the  carbon  content  from  zero  to  0.48  per  cent. 
This  constancy  of  heat  of  transformation  together  with  its  constancy 
in  temperature,  if  both  be  definitely  proved  by  using  a  pure  Fe-C 
system,  lend  force  to  the  idea  that  A2  is  a  transformation  independent 
of  the  carbon  present,  and  from  the  work  of  Moore  and  others,  A2 
appears  to  be  independent  of  metallic  components. 
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Fig.  S. — Part  op  Fk-C  DiAGsuf. 

As  to  A8,  the  comprehensive  discussion  by  Professor  Howe  leads 
to  an  equilibrium  temperature  AeS  of  917°  for  pure  iron.  This  tem- 
perature, AS  =  917°,  also  satisfies  the  observations  of  practically  all 
recently  published  work  with  very  pure  iron. 

Returning  to  the  A2  range  in  pure  iron  and  its  location  by  heating 
and  cooling  curves,  we  are  confronted  by  considerable  contradictory 
evidence  as  to  its  existence,  location  and  type,  whether  possessing 
one  or  two  cusps.  Professor  Benedicks  ^  discusses  the  evidence  given 
by  the  thermal  experiments  of  Osmond,  Roberts- Austen,  Arnold  and 
others  and  gives  as  well  a  concise  critical  summary  of  the  whole  sub- 
ject of  the  nature  of  A2  in  pure  iron  as  shown  by  experiment,  and 
concludes  that  A2  is  not  an  independent  transition  point  but  forms  a 

'  G.  Benedicks :  On  AUotropy  in  General  and  that  of  Iron  in  Particular.     Journal  of 
the  Iron  and  Sud  Institute,  toL  Ixxxvi  (1912,  II),  p.  242. 
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part,  a  tailing  off,  of  AS,  which  latter  is  taken  as  a  transformation  of 
Type  Ha  (see  Fig.  1),  and  "According  to  this,  the  nature  of  P  iron  is 
to  be  a  iron  containing  in  solution  a  limited  amount,  increasing  with 
temperature,  of  r  iron." 

Since  Benedicks's  publication,  we  have  the  experiments  of  Car- 
penter, which  he  would  have  taken  as  verifying  Benedicks's  (or 
Smits's)  theory;  of  Guillet  and  Portevin,  who  appear  to  find  A2 
and  A3  as  distinct  transformations ;  and  of  Broniewski,  whose  results 
are  ambiguous. 

Let  us  consider  the  experiments  of  Carpenter  more  closely.  His 
observations  of  1904,  taken  in  association  with  Mr.  Keeling  on  iron 
containing  0.01  per  cent,  carbon,  showed  Ar2  sharply  defined  at  762° 
and  Ar3  at  900°.  Carpenter's  observations  of  1913,  using  iron  with 
0.007  per  cent,  carbon  or  of  a  carbon  purity  hardly  detectible  in  dif- 
ference from  his  iron  of  1904,  also  show  Ar2  as  present  but  not 
sharply  defined  and  ranging  from  768°  to  741°,  while  Ac2  is  not  in 
general  clearly  detectible  from  his  curves  except  as  a  swell.  The 
main  differences  in  these  two  series  appear  to  be,  that  in  the  earlier 
solid,  rolled  cylinders  of  iron  |  by  |  in.  were  used,  while  in  the  later 
sheets  of  electrolytic  iron  0.01  in.  in  thickness  were  rolled  into  a 
cylinder  weighing  42  g.  The  curves  differ  in  the  main  as  one  would 
expect,  the  poorer  conductivity  and  the  presence  of  gases  in  the 
wound-up  sheets  of  otherwise  untreated  electrolytic  iron  producing  a 
flattening  out,  distortion,  and  displacement  of  the  critical  regions, 
especially  of  the  feebler  A2. 

Several  experimenters,  notably  Arnold,  insist  that  A2  has  a  double 
cusp  for  pure  iron,  while  it  would  appear  from  the  work  of  several 
others,  notably  Carpenter  and  also  Rosenhain,  that  A2  is  erratic, 
showing  sometimes  double  and  sometimes  single. 

Considering  all  the  hitherto  available  data,  there  can  be  hardly  any 
doubt  that,  thermally,  there  is  a  critical  range  for  pure  iron  in  the 
neighborhood  of  770°  (A2);  but  whether  this  be  separate  from  the 
higher  critical  range  near  900°  (A3)  and  whether  it  (A2)  be  single  or 
double  cusped,  the  existing  thermal  observations  do  not  prove  con- 
clusively, but  a  fair  inference  would  be  that  A2  is  single  and  in- 
dependant  of  AS. 

Summary  of  Previous  Determinations  of  A3  and  A2  in  Pare  Iron, — 
Without,  for  the  moment,  considering  any  theory  concerning  the 
meaning  of  the  transformations  in  pure  iron,  let  us  consider  what  is 
the  present  experimental  basis  for  the  existence  of  A2  and  A3  either 
as  separate  or  associated  transformations. 

A  summary  of  most  of  the  experiments  that  have  been  made  is 
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given  in  Tables  I  and  II ;  the  former  inclades  only  heating  and 
cooling  curve  methods  and  the  latter  all  others.  These  tables,  taken 
iii  connection  with  the  preceding  paragraphs,  show  that  there  is  over- 
whelming evidence  for  a  discontinuity  in  properties  of  pure  iron  for 
the  intervals  of  temperature  roughly  defined  as  700®  to  780°  and 
850®  to  950®,  or  corresponding  to  the  critical  ranges  A2  and  A3. 
(See  also  Fig.  2.) 

Table  I. — Thermal  Maxima  of  Critical  Ranges  of  Pure  Iron  by 

Various  Observers. 


Observer. 


Date. 


Osmond '    1887 


Roberts-AuBten i    1S91 

Arnold 1    1894 


Charpy 1896 

Osmond j    1899 

Charpy  and  Orenet...M 1908 

1904 


Carpenter  and  Keeling. 
Harkhort 


1907 


A.  MlUler 1909 

I 

Rosenhain  and  Humfrey...  1909 

E.  Colve^Glauert 1910 


H.  C.  H.  Carpenter. 


GuiUet  and  Portevln. 


1913 


1913 


Carbon 
Content. 


Sflg 
9 


5S 


Ac2. 


Atl.    Ac3.     Ar8. 


Percent  Per  Cent. 


0.007 

0.003    I    99.967    I , 

f  0.007    I :    740 

1   0.009    I .,      744 


Electroly  tic  Fe 

■    tr.      ). 
0.06       . 


{ 


0.01 


99.803 
99.89 


0.017     I 

0.029    , 
Fe"Kahl-i. 
baam 


99.66 


800 
776 
755 

691 

to 

768 

770 

770 


750    . 

750 
780  . 
731  I 
780  ! 
780 
780  , 

762  I 
764 

:  .to  I 
,  759, 
I 

i    763 

763  . 


865 
903 
906  . 

935 
885 

91*0  1 
to 
917  1 

917 

941 


890 

896 
854 

840 
860 
880 
900  I 
800  ' 
900 
888  I 
to 
675 

894 

904 


Remarks. 


(AiS  corrected  from 
<     866.     Two  msx. 
l    forAr2. 

Ai2  ia  double. 


{ 


f» 


28  obaenrations  h 
vacuo,  all  a(re^ 
ing  very  closely. 

A2  Is  doable. 


0.008         99.967 


Not 
detected 


99.66 


(791 
1788 


I 


768 

to 

741 

778 

778 


902 

to 

938 

987 
982 


898 

to 

886 

9112 
902 


{ 


Ao2  not  detected :  2 
■amples  of  same 
anafyilfl;   10  ob- 
serrations. 
as  deposited)   Elec- 
annealed     jtmljtk 


The  existence  of  AS  is  not  open  to  question,  it  having  been  readily 
located  by  practically  all  methods  of  physical  analysis  with  the  possi- 
ble exception  of  electric  resistance  and  thermoelectricity,  for  which 
any  discontinuity  is  not  very  definite. 

The  magnetic  change  is  also  small  but  abrupt  and  unmistakable. 
The  thermal  observations,  which  give  the  sharpest  definition  of  A3, 
show  that  the  maximum  of  Ar8  is  always  lower  in  temperature  than 
that  of  Ae3. 

Controversy  has  raged  warmly  for  a  quarter  century  not  only 
about  the  nature  and  extent  but  as  to  the  very  existence  of  A2,  which 
has,  however,  been  generally  identified  with  the  loss  of  ferro-magnet- 
ism  in  iron.  The  point  of  inflection  of  the  electrical  resistance  curve 
appears  to  be  associated  with  the  A2  region,  as  well  as  an  abrupt 
change  in  specific  heat  of  the  same  magnitude  as  at  AS.   The  thermo 
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electric  effect  appears  not  less  uncertain  than  at  A8 ;  there  is  a  small 
bat  an  abrupt  change  in  tensile  strength  at  A2 ;  and.  there  is  a  small 
thermal  effect  on  heating  and  cooling  which  appears  to  remain  at  a 
constant  temperature  for  the  addition  of  carbon  or  metallic  compo- 
nents in  considerable  quantities.  Apparently,  the  only  phenomenon 
studied  which  has  hitherto  always  given  negative  results  for  A2  is 
crystalline  structure. 


!     '      ^ 


Table  II. — Critical  Manges  in  Pure  Iron  by  other  than  Coding- 

Curve  Methods. 


Observer. 


P.  Curie V... 

Morris. 

Hopkiuaon 

lie  Chateller. 

Osmond 

Harriaon 

BeUoc 

Charpyand  Grenet 

Boudouard 

WelK  and  Beck 

Rosenhain  and  Hnmftay. 

Terry 

^merrUle 

k.  R.  Meyer 

WelasandFofix 

Heathen 

Brontewskl 

Stead  and  Carpenter 


Date. 


1895 
1S97 


1889 

fl890 

11899 

1900 

1902 


1908 

1908 

1903 
1906 


{ 


1909 

1918 
1910 
1910 
1911 


1911 
1912 
1913 


rl918 
(1918 


55 


Per 
Cent. 
0.04 
0.006 
0.010 


0.006 
0.010 


0.067 

Electro 

? 


a| 

Per 
Cent. 
99.9+ 
99.925 


99.515 
99.128 


99.763 
lyUc 
? 


A2. 


{ 


"Pure 

0.08 

"Comm 
? 

0.029 


{ 


0.106 
0.012 
0.012 
0.00 

? 
0.00 


Electro 

0.06 

0.07 


iron 


II 


ercial" 
? 

99.767 

99.874 
99.30 
••  Iron  *• 
99.976 
99.94 
99.85 

lytic 
99.960 
99.87 


Elec  Itrolytlc 


0.007 


99.967 


{ 


750 
765 
770  to 
780 
? 

775 
780 
? 
? 
Unc 

760? 
? 


775 
760 

detected 

750 
785 
750 
700 
700 
.705 

774 
780 
780 

780  (a) 
5  750  to 
I     850 

700? 
Not  de- 
tected 


A8. 


920 


880 


840 
detected 
ertaln 


? 

860  to 
890 
885 


detected 

910 

910 

? 

? 


890 
850 
950  ) 
1.020(b)  / 
950  and) 
1,020390  \ 
to  950  j 

Detected 


Method  and  Remarks. 


Magnetic. 

Electrical  reeistance. 
Magnetic. 

Electrical  reidstance. 
Magnetic,  cusp  —  vs  T  curve. 
Electrical  resutance. 
Expansion. 
CryBtallographlc. 
Tbermoeiectrlc  Cu-Fe    cou- 
ples, H  atmos. 
Electrical  resistance. 
Thermoelectric. 

Expansion. 

Electrical  resistance. 

Calori  metric ;  A3  not  mea- 
sured. 

Tensile  and  crystallographic, 
qualitative  only. 

Tensile  strength. 

Magnetic. 

Electrical  resistance. 

Fe"Kahlbaum.")  Electrical 

Ingot  Iron.  Vresistance, 

Electrolytic.        )     cusp  of 
dR/dt  curve. 

Magnetic ;  A8  not  measured. 

Calori  metric. 

Thermoelectric. 

[couples. 

(a)  by  Fe-Cu.  (b)  by  Fe-Pt 

Electrical  resistance. 
Expansion. 

Crystallographic. 
Magnetic 


Most,  although  not  all,  of  the  phenomena  appear  to  indicate  that 
A2  differs  from  A3,  in  that  for  the  latter  the  transformation  is  abrupt 
but  taking  place  at  a  higher  temperature  with  ascending  temperature 
than  with  descending,  while  for  the  former  the  transformation  is 
more  gradual  (of  Type  Ila,  Fig.  1),  but  has  the  same  location  of 
maximum  on  heating  and  cooling.  That  A2  and  A3  are  parts  of  a 
single  transformation,  A2  being  subordinated  to  A3,  is  a  conclusion 
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to  be  drawn  with  some  difficulty  from  the  data,  and  as  pointed  oat 
by  Gnertler  it  is  difficult  to  construct  any  plausible  physico-chemical 
theory  which  would  admit  of  a  distinct  heat  evolution  at  A2  and  still 
have  A2  as  a  part  of  the  A8  transformation,  for  ^<  The  end  point  is 
never  marked  by  a  sudden  evolution  of  a  new  and  constant  thermal 
effect  at  a  given  temperature." 

The  Present  Experimental  Investigation. 

The  object  of  the  present  investigation  is  to  determine,  with  several 
samples  of  pure  iron  of  different  sizes,  prepared  by  various  methods, 
the  exact  location  and  nature  of  the  A2  and  A8  ranges,  using  the 
most  refined  methods  of  thermal  analysis  and  keeping  the  samples 
free  from  the  masking  influenpes  of  occluded  gases. 

The  Experimental  Method. — Two  methods  of  taking  heating  and 
cooling  curves  have  been  used  simultaneously  on  the  same  sample : 
one,  the  inverse-rate  method  of  Osmond,  in  which  the  times  required 
for  the  specimen  to  rise  or  fall  successive,  equal  temperature  intervals 
are  noted  in  terms  of  the  temperature  or  (dt/d  ^  vs  ^) ;  the  other,  the 
derived-differential  method  of  Rosenhain,  in  which  the  observations  are 
taken  by  the  differential  method  of  Roberts-Austen  using  a  "  neutral " 
of  platinum,^  and  in  which  for  equal  decrements  or  increments  of 
temperature  the  difference  in  temperature  between  specimen  and 
neutral  is  taken  in  terms  of  the  temperature  of  the  specimen 
(0  —  e'  vs^)/J  0=  constant.  The  results  so  obtained  by  the  differen- 
tial method  are  transformed  into  the  derived  differential  curve  by  the 
operation  of  dividing  the  differences,  0  —  tf',  for  each  temperature  in- 
terval ^^  by  this   interval   and   plotting   in  terms  of   ^,  or  giving 

d  —  1 —    vs  e. 

These  two  methods  of  thermal  analysis  supplement  each  other  most 
excellently,  as  each  is  subject  to  different  disturbing  effects;  and 
although  obtained  by  totally  different  operations,  the  resulting  heatr 
ing  or  cooling  curves  are  strictly  similar  except  for  certain  minor 
details  which  we  shall  mention  later.  To  operate  both  methods  sim- 
ultaneously requires  no  more  apparatus  or  observers  than  the  differ- 
ential method  alone,  although  in  this  latter  case  the  chronograph 
may,  less  conveniently,  be  replaced  by  any  sufficiently  exact  time- 
piece. It  is  preferable  to  have  two  observers,  although  this  is  not 
essential. 

The  inverse-rate  method  is  subject  to  error  due  to  drafts,  sudden 

^  For  a  detailed  description  of  the  methods  of  taking  cooling  curves,  see  G.  K.  Barges, 
Beprint  99,  BuUetin  of  the  Bureau  of  Standards  (1909). 
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changes  in  current  feeding  the  furnace,  or  any  cause  which  may  im-  ^  '  i 

press  upon  the  specimen  thermal  changes  not  proper  to  it.    Inversion 

of  dt/d  »^,  at  recalescence,  or  an  actual  increase  in  temperature  on  ,     • ' 

cooling,  is  not  readily  expressible  by  other  than  a  horizontal  line  in 

the  plot;  this  weakness  of  analysis  is  of  minor  import,  however,  as  '     .  , 

the  data  on  which  the  inverse-rate  curve  is  based  give,  nevertheless,.  '•  •   i 

very  sharply  the  beginning,  maximum,  end,  and  also,  when  present,.  j  •   ^ 

the  elevation  in  temperature  accompanying  a  transformation.     This  *  •     '     " 

last  eifect,  of  course,  only  accompanies  a  violent  evolution  of  heat  and 

is  of  no  interest  here.  t 

The  derived-differential  method  is  less  subject  to  error  on  account  .       '  ■ 

of  extraneous  influences;  recalescence  cannot  be  anymore  readily  .  i 

expressed  by  this  method  of  plotting  than  by  the  other.    The  presence 
and  properties  of  a  neutral  free  from  transition  ranges,  as  is  plati-  '  *^     . 

nam,  have  no  appreciable  effect  on  the  location  of  the  critical  points 
of  a  substance  such  as  iron  under  examination. 

Arrangement  of  the  Apparatus. — The  general  appearance  and  ar-  .    • '. 

rangement  of  the  apparatus  is  shown  in  Plate  1,  and  a  schematic 
diagram,  Pig.  4,  gives  the  layout  of  connections. 

The  Measurement  of  Temperature. — ^For  this  purpose,  thermocouples 
were  used  connected  to  a  five-dial,  low-resistance  potentiometer  de- 
signed to  be  free  from  thermal  electromotive  forces,  of  the  Diessel- 
horst  type  as  constructed  by  Otto  Wolff. 

The  moving-coil  galvanometer  (from  Leeds  &  Jforthup)  used  with 
the  potentiometer  had  a  constant  sensibility  for  all  parts  of  the  range 
of  the  potentiometer  as  used,  and  gave  when  critically  damped  a  de- 
flection of  25  mm.  on  scale  and  telescope  at  2  m.  for  each  20  micro- 
volts of  electromotive  force  of  the  thermocouple.  As  used,  it  had  a 
resistance  of  57  ohms  and  a  period  of  2  sec.  This  sensibility,  which 
was  ample,  could  have  been  increased  if  necessary.  The  zero  shift 
was  not  troublesome  and  the  instrument  was  glass  inclosed,  reducing 
temperature  inequalities.  The  method  of  operation,  whether  for  cali- 
bration, inverse-rate  or  differential  curves,  was  to  note  time,  prefer- 
ably on  the  chronograph,  and  this  invariably  when  taking  inverse- 
rate  curves,  every  time  the  zero  of  the  scale  passed  the  cross  hair  of 
the  telescope  ;  the  dial  of  the  potentiometer  was  then  turned  say  two 
steps,  corresponding  to  about  2°  C,  throwing  the  zero  of  the  scale 
back  about  25  mm.,  and  the  operation  repeated  indefinitely.  The 
sensibility  is  about  0.01°  C.  with  the  Pt-Rh  thermocouples. 

The  Measurements  of  iime. — ^For  recording  the  time  measurements, 
necessary  for  the  inverse-rate  method  and  convenient  with  the  cali- 
bration and  differential  methods,  use  was  made  of  a   cylindrical. 
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motor-driven  chronograph  together  with  a  telegraph  key 
rhen  depreseed,  gave  a  daah  on  the  chronograph  sheet  easily 
shahle  from  the  seconds  marks  made  on  the  same  sheet  widi 
i  pen  when  aotnated  through  a  relay  by  a  standard  clock  sit- 

a  distant  constant-temperature  room.  The  time  observations 
ilj  obtained  to  0.1  sec. 

"fiermocouptes. — ^In  some  of  the  preliminary  work,  various 
tuples  of  0.6  mm.  diameter  were  used,  but  the  later  more 
measurements  were  all  taken  with  three  Heraeus  0.4  X  160 
rmocouples  of  platinum,  90  platinum  =  10  rhodium,  marked 

and  Mj,  and  all  cut  off  the  same  batch  of  wire.  These 
were  frequently  interchanged  during  the  investigation.  A 
ial  thermocouple,  M„  for  measuring  the  difference  in  tem- 

between  the  iron  sample  and  the  platinum  neutral,  was  made 
;  a  length  of  45  ram.  of  90  Pt — 10  Ir  wire  between  two 
jt  platinum  wire  of  the  same  grade  as  in  the  temperature- 
ig  couples.  The  cold-junctions  of  all  thermocouples  were 
:ept  at  0°  C.  in  a  suitable  ice  box,  Fig.  4. 
rature  Scale  and  Calibration  of  Thermocouples. — The  tempera- 
e  used  is  that  defined  by  the  freezing  pointe  of  the  following 
tala: 

Zinc 419.3 

AnUaKiD7 630.0 

Siker. 960.0 

Copper. I,0!i3.0 

ulibration  of  the  thermocouples  was  carried  out  as  follows : 
letals  were  melted  in  crucibles  14  cm.  deep  of  Acheson  graph- 
oat  300  cc  capacity  in  a  Heraeus  eleetric-reBiatance  furnace 
?ith  platinum  foil.  The  thermocouples,  while  immersed  in 
3],  were  protected  by  out-glazed  Berlin  porcelain  tubes  of 
mm.  diameter.  Both  freezing  and  melting  points  were  taken 
imes  for  a  first  calibration,  and  the  couples  were  occaaioually 
at  the  silver  point  during  the  progress  of  the  investigation, 
librated  at  the  close,  when  they  showed  no  appreciable  change. 
Mj,  Mj)  satisfied  the  same  formula  between  400°  and  1,100° 

EMF  =  —313.8  -f-  8.259  t  =  0.001666 1'. 
to  =  0. 
e    EMF   is  expressed  in    microvolts    and   t  is  temperature 
de.     All  thermocouple  wires   were  electrically  annealed  at 
400°  C.  before  using, 
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It  is  interesting  to  note  the  excellent  behavior  of  these  thermocon- 
plea  in  direct  contact  with  iron.  The  fact  that  there  was  practically 
uo  oxidation  of  the  iron,  together  with  the  fact  that  the  metals  were 
always  in  a  dry  Tacuum  of  the  order  of  0.01  mm.  of  mercury,  proba- 
bly accounts  for  this  constaucy. 

Mounting  of  Thermocouples. — One  junction  of  the  differential  couple 
together  with  the  bot-j  unction  of  the  temperature-measuring  couple 
was  inserted  in  the  iron  specimen  undergoing  study  and  the  other 
differential  junction,  which  was  about  4.5  cm.  away,  wae  inclosed 
within  the  neutral,  a  platinum  cylinder  weighing  98  g.  The  bare 
wires  were  in  direct  contact  with  the  iron,  and  in  fact  when  veryamall 
samples  were  used,  as  0.7  g.  of  iron  from  Professor  Carpenter,  tbe 
iron  wae  hammered  on  to  the  couples.  The  sketch,  Fig.  4,  gives  an 
idea  of  the  arrangement  when  small  cylinders  (from  10  f  o  80  g.)  were 


FlO.  5.— FUKNACE. 

The  Differential  Measurements. — The  differential  couple  was  con- 
nected directly  to  a  Siemens  &  Halske  moving-coil  galvanometer  of 
200  ohms  resistance.  Deflections  were  read  by  means  of  a  telescope 
and  scale  2.5  m.  distant.  As  connected,  the  galvanometer  gave  a  de- 
flection of  60  mm.  for  100  microvolte,  corresponding  to  a  sensitiveneati 
of  nearly  0.01"  C.  with  the  Pt-Ir  couple  used.  This  was  ample,  and 
there  would  have  been  no  advantage  in  increasing  this  sensitivenesH, 
as  could  easily  have  been  done  fourfold  by  changing  the  galvanometer 
connections. 

The  Furnace  and  Accessories. — Tbe  furnace,  shown  in  Fig.  5,  was 
constructed  in  the  laboratory,  and  consists  essentially  of  four  concen- 
tric tubes,  three  of  Berlin  porcelain  and  an  outer  one  of  iron  backed 
with  a  i-iu.  layer  of  asbestos.  The  innermost  tube,  which  carries 
the  specimenn  under  study,  is  glazed  both  inside  and  out,  so  as  to 
hold  a  vacuum,  and  extends  beyond  the  furnace  to  receive  seals  of 
bard  wax  and  metal  for  pump  and  thermocouple.  There  was  no 
trouble  in  holding  a  vacuum  of  0,01  mm.  of  mercury  to  1,050°  C. 
The  two  unglazed  porcelain  tubes  each  carr^'  a  sepfcrate  beating  coil 
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of  platinum  foil  2  cm.  wide  by  0.001  cm.  thick.  In  some  of  the  pre- 
liminary work  a  furnace  was  used  in  which  a  single  heating  coil  was 
wound  directly  on  the  glazed  tube  carrying  the  specimen.  This  ear- 
lier arrangement  is  less  satisfactory  than  the  one  above  described, 
since  the  tube  deteriorates  sooner  and  the  uniformity  of  temperature 
is  less  well  maintained.  As  will  be  noted,  the  furnace  is  provided 
with  no  other  insulation  than  these  concentric  tubes,  thus  permitting, 
when  desired,  the  use  of  faster  rates  of  cooling  and  reaching  more 
convenientiy  lower  temperatures  than  when  the  furnace  is  packed 
with  insulating  material. 

With  the  construction  described,  there  was  no  trouble  whatever 
from  drafts.  The  furnace  was  tested  for  freedom  from  critical  ranges 
by  taking  several  blank  series  of  heating  and  cooling  curve  observa- 
tions, using  the  usual  platinum  neutral  and  replacing  the  iron  speci- 
men with  a  cylinder  of  palladium.  Some  of  these  blanks  are  shown 
in  Plate  VIH. 

The  vacuum  pump  used  is  a  two-cylinder  motor-driven  Qeryk  pump 
kept  in  condition  to  maintain  a  vacuum  of  0.01  mm.  of  mercury  in 
the  furnace  as  measured  with  a  mercury  gauge,  and  provided  with 
drying  tubes  of  phosphorus  pentoxide. 

The  energy  supply  for  heating  the  furnace  was  furnished  by  a  5-kw. 
Siemens-Schuckert  motor-generator  set  delivering  alternating  current 
to  the  furnace  and  run  from  a  240-volt  storage  battery.  Two  of  the 
three  phases  generated  by  the  alternator  were  used  at  a  voltage  which 
could  be  set  anywhere  between  50  and  170  volts.  This  somewhat 
elaborate  arrangement  was  found  to  be  highly  desirable  when,  as 
here,  one  is  seeking  minute  thermal  effects  and  every  extraneous  / 

cause  of  variation  in  the  rate  of  heating  or  cooling  of  the  sample  must 
be  eliminated.  There  are  two  further  advantages  gained  by  using 
alternating  current  instead  of  direct  for  heating  the  furnace  :  it  per-  ' 

mits  the  use  of  a  liquid  rheostat  without  polarization  or  electrolysis 
and  it  eliminates  any  magnetic  field  about  the  iron  sample.  This 
last,  if  present,  might  conceivably  influence  the  magnetic  transforma-  , 

tion  in  iron. 

The  rheostat^  Fig.  6,  deserves  special  mention,  as  it  was  specially 
designed  to  give  automatically  a  constant  rate  of  heating  and  cooling, 
variable  at  will  within  wide  limits.  In  addition  to  wire  rheostats  a 
salt-water  rheostat  was  placed  in  the  heating  circuit. 

It  consisted  of  a  cypress  box  of  two  compartments,  each  measuring 
30  by  35  by  85  cm.,  in  each  of  which  were  two  copper  plates  (35  by 
26  cm.),  placed  30  cm.  apart  at  the  bottom  and  1  cm.  apart  at  the  top. 
A  metal  box  through  which  cold  water  was  circulated  for  the  purpose 
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ig  the  Bait  water  cool  was  placed  on  each  side  of  the  partition. 

ide  copper  plate  in  each  compartmeDt,  besides  performiag  its 
as  an  electrode,  aleo  formed  one  side  of  a  wedge  which  opened 

)  and  could  be  filled  with  water  before  starting  a  run.     This 

I  to  cause  the  water  which  was  fed  at  a  constant  rate  from  a 
bottle  to  rise  between  the  copper  plates  at  a  faster  rate  as  the 

are  of  the  furnace  increased,  thus  overcoming  the  greater 
losses  to  which  the  furnace  ia  subjected  at  the  higher  tem- 

1  and  thereby  giving  a  very  constant  rate  over  the  whole  range, 
taking  cooling  curves  the  water  in  the  wedges  was  kept  at 
level  as  the  water  in  the  compartment  by  connecting  the 
a  siphon ;  thus  all  the  water  was  siphoned  off  at  the  same 
series  of  brass  outlets  were  constructed  and  calibrated  for 

Stat,  which  gave  a  series  of  definite  times  of  heating  or  cool- 

e  furnace,  ranging  from  a  few  minutes  to  several  hours. 

The  Materials  Investigated. 
t  of  Iron. — It  was  considered  worth  while  to  examine  the 
behavior  of  several  samples  of  pore  iron  prepared  by  dif- 
tethods  and  subjected  to  various  preliminary  treatments. 
ndebt«d  to  Prof.  C.  F.  Burgess,  of  Wisconsin,  who  furnished 
aples  of  his  electrolytic  iron  in  the  form  of  anode  plates  with 

to  Messrs.  H.  Goldschmidt  and  Cuntz,  who  furnished  elec- 
ilatea  and  analysis  of  iron  obtained  from  the  German  firm  of 
n-Pfanhauser ;  to  Prof.  H.  C.  H.  Carpenter,  of  Manchester, 

who  kindly  sent  us  some  of  the  electrolytic  iron  he  had 
his  experiments  on  the  critical  ranges  in  pure  iron,  and 
td  been  analyzed  by  Prof,  J.  E.  Stead,  Several  samples  of 
tic  iron  were  also  prepared  for  this  investigation  at  the 
3f  Standards  by  Messrs.  Cain  and  Cleaves,  using  a  method 
to  he  described  elsewhere.  There  is  also  included  a  sample 
it  iron,"  for  which  we  are  indebted  to  the  American  Rolling 

of  MiddletowD,  Ohio. 

■ation  and  Description  of  Samples. — The  samples  were  prepared 
ig  beating  and  cooling  curves  by  cleaning  with  alcohol  and 
[n  the  case  of  the  untreated  electrolytic  irons  of  C.  F. 
and  Langheim-Pfanhauser,  the  samples  1,  16,  17  and  26  a, 
rm  of  plates,  from  J  to  ^  in.  thick,  were  bored  out  to  receive 
mocouples.  Some  preliminary  but  less  aatisfactory  mea- 
ts were  made  with  small  pieces  packed  about  the  thermo- 
aud  within  a  tbin-walled  platinum  cylinder  of  3.5  cm. 
nd  1.5  cm.   diameter.      With   this  last  arrrangement,  the 
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transition  points  were   not    always  very  sharply  defined,  due  ap- 
parently to  a  progression  of  the  reaction  from  one  piece  to  another. 

The  first  carve,  and  often  several  of  the  succeeding  curves  taken 
with  untreated  electrolytic  plates  which  are  known  to  be  heavily 
charged  with  gas,  especially  hydrogen,  was  erratic,  an  effect  doe  for 
the  most  part  to  the  presence  of  these  gases  within  the  sample  pro- 
ducing parasitic  evolutions  and  absorptions  of  heat.  See  Plate  XL 
This  gas  effect  has  been  noticed  by  other  observers. 

To  obviate  this  troublesome  effect,  it  was  decided  to  melt  some  of 
the  samples  of  iron  before  taking  the  heating  and  cooling  carves, 
which  melting  was  carried  out  successfully  both  in  a  vacuum  electric 
furnace  and  in  gas-fed  furnaces.  This  melting  of  the  iron,  provided 
contamination  from  crucible  or  furnace  atmosphere  is  avoided,  has 
the  great  advantage  of  further  purifying  the  iron  by  the  removal  of 
all  or  nearly  all  of  the  contained  gases.  Electrolytic  iron,  for  exam- 
ple, bubbles  very  violently  on  first  melting  m  vacuOj  showing  that  a 
considerable  quantity  of  gas  remains  occluded  to  the  temperature  of 
fusion  and  is  only  removed  by  melting  the  iron.  Melting  in  vacuo^  as 
is  shown  for  samples  25  and  26  as  compared  with  1  and  26a,  Table 
III,  appears  also  to  lower  the  already  very  small  carbon  content  of 
the  iron  to  almost  nothing,  again  increasing  the  purity  with  respect 
to  the  most  undesirable  element,  carbon.  Finally,  electrolytic  iron, 
which  has  been  melted  either  in  vacuo  or  in  gas  furnaces,  possesses  a 
sharply  defined  heating  curve  the  first  time  such  iron  is  reheated,  so 
that  a  very  troublesome  source  of  uncertainty  is  removed  by  this 
melting.  That  the  presence  of  gases  in  the  iron  has  a  considerable 
effect  on  the  location  and  range  of  the  critical  ranges  is  also  shown 
in  later  paragraphs. 

For  all  these  reasons  it  appeared  to  us  desirable,  when  making  a 
thermal  study  of  iron  and  its  alloys  which  occlude  or  contain  gases, 
to  remove  these  gases  by  a  previous  melting  of  the  metal,  preferably 
in  vacuo. 

There  was  considerable  range  in  mass  from  one  sample  to  another 
used  in  taking  heating  and  cooling  curves,  as  shown  in  Tables  IV 
and  VI,  or  from  0.7  to  85  g.  It  is  our  experience  that  it  is  advan- 
tageous to  work  with  as  small  samples  as  the  precision  of  the  experi- 
mental method  will  permit  when  it  is  desired  to  locate  the  exact 
temperatures  of  the  critical  ranges  of  the  material.  The  apparent 
advantage  to  be  gained  with  larger  samples,  which  absorb  or  set  free 
greater  quantities  of  heat,  appears  to  be  more  than  offset  by  the  con- 
ductivity of  the  larger  sample  not  being  sufiicient  to  transmit  promptly 
enough  the  heat  generated  to  the  thermometric  device.     If  there  is 
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non-uniformity  of  temperature  throughout  the  sample,  this  effect  is 
enhanced ;  and  a  phenomenon  which  really  takes  place  at  a  single 
temperature  will  then  appear  to  be  spread  over  a  range  of  temperatures. 

We  believe  this  spreading  and  attenuation  of  the  reaction  is  a 
principal  reason  why  Professor  Carpenter  was  not  able  to  detect 
AC2  with  certainty  using  42  g.  of  metal  in  the  form  of  a  thin  sheet 
coiled  ieto  a  cylinder,  while  with  only  0.7  g.  of  his  iron  we  were  able 
to  locate  AC2  with  great  sharpness.     (See  Plate  VI.) 

For  melting  in  vacuo^  the  Arsem  furnace  was  used,  the  iron  being 
contained  in  a  crucible  of  pure  magnesia  placed  within  a  tube  of 
Marqaardt  porcelain.  For  melting  in  the  gas  furnace,  covered  clay 
crucibles  brasqued  with  pure  fused  magnesia  were  used. 


Tablb  IH. — Description  and  Chemical  Analyses  of  Pare  Iron. 


Source. 

Description. 

Analysis  Fur- 
nished by 

No. 

F6 

Fl 

F2 

F8 
F4 

F6 
F7 
25 
26 

C. 

S. 

I 

,     Tr. 

0.020 

i    0.045 
0.048 

O.OU 

f 0.010 
t 0.009 

>  0.001 

by  solu 

>  0.001 
burnin 

0.006 

1 

1 

;  0.004 

0.004 

1    0.00 
0.003 
0.00 

p. 

Si. 

0.014 

0.008 
0.004 

0.004 

0.006 
0.007 

0.008 
secon 

0.004 

0.007 

0.006 

0.00 

0.006 

0.018 

Mn. 

Cu. 

Fe  by  Dif- 
ference. 

H.  C.  H.  Ca^ 
penter. 

Klectroly-  ) 
tic  0.01-in.  V 

sheet. ) 

Ingot    iron) 
remelted  in  V 
gas  ftirnace  1 
Electrolytic) 
remelted  in  y 
gas  Aimace) 
Electrolytioi 
remelted  in  v 
gas  Ibmace 
Electrolytic) 
remelted  in  ^ 
gas  Ibmace  j 
Electrolytic) 
remelted  in  y 
gas  ftimaoe  j 
Electrolytic) 
remelted  in  y 
gas  Aimace ) 
Electrolytic) 
remelted  in  y 

Stead 

0.008 

0.012 

fO.006 
1 0.009 

0.007 

0.009 

(0.019 

-i  0.018 

(.0.015 

f  0.014 
t  First 

0.003 
0.001 

0.002 

0.001 
Tr. 

>.0.001 

>  0.001 
Tr. 

tion 
Tr 

go.ods 

0.001 

0.006 

0.001 

0.007 
0.001 
0.004 

O.0O9 

0.029 
Tr. 

Tr. 

Tr. 
Tr. 

'     Tr. 

d0.006C 

0.000 

0.000 

Tr. 

0.00 

Tr. 

0.00 

99.967 

Am.  Rolling 
MiU  Co 

J.  R.  Cftin..... 

Langheim- 
Pfitntaauaer... 

Bur.  stds 

Bur.  Stds 

Bur.  Stds 

Bur.  Stds 

Bur.  Stds 

Bur.  ^tds 

Bur.  Stds 

Bur.  Stds 

Bar.  Stds 

H.  Oold- 

Bchmidt 

Bur.  Stds 

C.  F.  Burgess 

0.06 
>  0.001 

99.905 
99.941 

99.977 

C.  F.  Burgeas 

i.  R.  Cain. 

J.  R.  C*in 

C  F.  Bargen 

0.006 

>  0.001 

>  0.001 

99.968 
99.975 

99.971 

99.983 

Laogheim- 
Pfanhanaer... 

Electrolytic) 
remelted  in  y 
vacuo ) 

99.982 

I 

0.011 

0.006 
0.006 

Unghelm- 
Pfannauaer.. 

C.  F.  Burgees 

Electrolytic! 
plates j 

Electrolytic! 
plates j 

26a 

1 

0.006 

0.00 

0.009 

0.012 

99.970 

99.98 

99.975 

99.971 

Chemical  Analyses. — The  chemical  analyses  of  the  different  prepara- 
tions of  iron  used  are  shown  in  Table  III,  including  mention  of  who 
furnished  the  analyses.  Those  at  the  Bureau  of  Standards  were  made 
by  Messrs.  Cain,  Cleaves,  Tucker,  and  Witmer.  In  all  cases  the 
analyses  were  made  of  the  metal  in  the  condition  stated  in  the  column 
beaded  "  Description,"  and  the  pieces  for  analysis  were  cut  from  the 
cylinder  or  plate  used  for  taking  the  heating  and  cooling  curves.  It 
will  be  noted  that  the  purest  iron  is  99.983  Fe,  obtained  by  remelt- 
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ing  electrolytic  iron  in  vacuo  in  magnesia  crucibles.  The  two  samples 
remelted  in  vacuo  are  also  the  lowest  in  carbon  content,  0.003  and 
0.001  per  cent,  respectively.  The  average  carbon  content  of  all 
samples  is  0.009,  and  the  range,  from  0.001  to  0.016.  It  is  of  in- 
terest to  note  that  with  the  exception  of  the  Mn  and  Cu  contents,  the 
"  ingot  iron  "  is  nearly  as  pure  as  the  average  of  the  electrolytic  irons. 
Where  there  are  check  analyses  by  different  chemists,  and  in  the 
case  of  the  carbon  determinations  by  different  methods,  when  one 
considers  the  difficulty  of  exact  determination  of  such  small  quantities 
of  impurity,  the  agreement  is  extremely  satisfactory,  and  in  moj^t 
cases  may  well  be  within  the  degree  of  homogeneity  of  the  samples. 
None  of  the  samples  was  analyzed  for  oxides,  but  their  amount,  if 
present,  must  be  very  small. 

The  Experimental  Data. 

We  have  divided  the  data  into  two  chronological  portions: 

(1)  A  preliminary  series  of  observations  carried  out  with  a  furnace 
and  rheostat  of  somewhat  less  satisfactory  form  than  that  of  Figs.  5 
and  6,  with  less  precaution  for  holding  a  good  vacuum  and  steady 
current,  and  in  part  with  the  iron  samples  in  a  less  concentrated  form; 
nor  was  the  thermocouple  calibration  as  carefully  checked  in  all 
cases.  These  preliminary  observations,  although  we  do  not  place  the 
reliance  on  all  of  them,  for  the  exact  location  of  temperatures,  that 
we  do  on  the  definite  series,  are,  nevertheless,  quite  instructive  in 
showing  some,  of  the  things  that  should  be  avoided  in  the  exact 
thermal  analysis  of  a  substance  occluding  ganes,  and  also  furnish  data 
for  discussing  the  effects  of  varying  some  of  the  factors  that  influence 
the  location  of  the  critical  ranges. 

(2)  The  definite  series  of  observations  were  then  carried  out  with 
all  tJie  precautions  and  improvements  in  method  and  manipulation 
our  preliminary  mea^arements  had  shown  to  be  necessary;  it  is  on 
this  definite  series,  together  with  the  last  two  of  the  prelimiuary 
series,  that  we  mainly  base  our  conclusions  regarding  the  allotropy  of 
iron  as  shown  by  thermal  analysis. 

In  all  cases,  attention  should  be  given  mainly  to  the  location  of  the 
maxima  of  the  critical  ranges,  as  the  beginnings  and  endings,  espe- 
cially the  former  on  heating,  arc,  in  general,  not  to  be  located  with 
exactness. 

The  Preliminary  Observations  have  already  been  reported  on  briefly, 
but  are  here  included  in  full  for  the  sake  of  completeness.  See  Table 
IV.  The  numerical  values  here  given  are  in  some  cases  slightly 
different  from  those  previously  published,  due  to  some  of  tlie  indica- 
tions of  one  of  the  thermocouples  needing  correction.  Three  Pt-Rh 
thermocouples,  Cp  Wj,  and  Wj^,  were  used  in  these  preliminary  ob- 
servations. 
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All  but  one  of  the  samples  of  iron  are  electrolytic:  three  from 
Prof.  C.  F.  Burgess,  Nos.  1,  16,  17;  sample  No.  25  remelted  in  vacuo 
is  from  the  same  lot  as  No.  17;  and  No.  26  is  from  the  Langheim- 
Pfanhauser  A-G.,  also  remelted  In  vacuo.  The  electrolytic  plates 
were  relatively  thick,  from  ^  to  nearly  J  in. 

The  mass  of  the  samples  ranged  from  15  to  31  g.,  and  for  the  first 
three  series  the  iron  sample  consisted  of  more  than  one  piece  of 
metal.  The  first  three,  Nos.  1,  16,  17,  were  from  the  electrolyte 
plates  deposited;  Nos.  26  and  26  were  remelted  in  vacuo,  and  No.  22 
is  ingot  iron,  remelted  in  a  gas  furnace,  of  similar  quality  as  sample 
Fl  of  Table  III. 

Several  facts  stand  out  prominently  from  these  preliminary  obser- 
vations. In  the  first  place,  in  contrast  to  the  samples  remelted  in 
vacuo  before  taking  heating  and  cooling  curves,  which  samples  show 
the  Ac2  and  Ar2  maxima  sharply  defined  at  a  single  temperature, 
768°,  the  untreated  electrolytic  samples  show  a  wide  and  variable  in- 
terval between  the  Ac2  and  Ar2  maxima,  an  interval  in  some  indi- 
vidual cases  greater  than  50°.  With  untreated  electrolytic  irons,  Ae2 
is  always  higher  and  Ar2  always  lower  than  the  single  A2  point  at 
768°  as  found  with  the  remelted  irons.  Again,  the  position  of  the 
maxima  of  Ac8  is  higher  and  of  Ar3  lower,  with  very  considerable 
variations,  for  the  untreated  samples ;  or  in  other  words  the  interval 
Ac3  —  Ar8  (maxima)  is  considerably  less,  from  10^  to  14°,  for  the 
samples  reheated  in  vacuo  than  for  the  untreated  samples,  for  which 
this  interval  ranges  from  20°  to  40°. 

These  results  show  the  important  role  played  by  the  occluded 
gases,  and  an  examination  of  the  data  of  the  tables  shows  that  several 
reheatings  to  1,050°  in  vacuo  are  not  sufficient  to  put  thick  electrolytic 
iron  plates  into  a  satisfactory  condition  for  making  a  thermal  analysis 
of  their  critical  ranges.  When  there  are  several  pieces  making  up  a 
sample  (as  Nos.  16  and  17)  the  retarding  effect  of  poor  conduction 
also  enters  somewhat. 

Remelting  appears  from  these  observations  to  be  an  essential  pre- 
liminary treatment  to  which  the  iron  should  be  subjected  unless 
several  rates  are  used,  as  we  shall  show  below.  We  desire  to 
emphasize  this  point,  for  we  believe  that  one  of  the  main  reasons  why 
many  of  the  previously  published  results  with  electrolytic  iron  show 
inconsistencies  and  variations  in  the  location  of  A2  and  AS,  is  due  to 
the  fact  that  the  gases  have  never  been  sufficiently  removed,  or  the 
samples  were  not  in  a  compact  enough  form,  or  both  effects  super- 
posed, and  sometimes  associated  with  a  too  wide  temperature  interval 
between  observations. 
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A  property  that  appears  to  be  common  to  all  these  samples  is  that, 
ou  the  average,  for  A8  the  beginning  of  Ac8  is  at  the  same  tempera- 
ture as  the  beginning  of  Ar3,  within  the  limit  of  accuracy  with  which 
these  somewhat  indefinitely  defined  temperatures  can  be  located. 
This  characteristic  sharply  distinguishes  A3  from  A2 ;  for  the  latter, 
as  we  have  seen,  the  maxima  of  Ar2  and  Ac2  coincide  when  the 
samples  are  compact  and  gas-free. 

As  to  the  effect  of  rate  of  heating  or  cooling  upon  the  location  of 
the  critical  ranges,  it  will  be  noted.  Table  IV,  that  for  the  rates  here 
used,  0.06°  to  0.35°  per  second  (or  17  to  3  sec.  per  degree),  there  is 
DO  effect  on  the  location  of  A2  (max.)  for  the  samples  25  and  26 
premelted  in  vacuOy  or  for  sample  22,  ingot  iron  remelted  in  gas  fur- 
nace, while  for  the  untreated  samples  a  fast  rate  accompanies  a  greater 
difference  in  Ac2-Ar2.  For  the  A3  range  the  effect  of  rate  is  less 
proDoanced  for  the  untreated  samples  but  appears  to  be  appreciable 
for  the  premelted  samples.  Table  V  shows  that  reducing  the  rate 
to  zero  gives  769°  for  A2  (=  Ac2  =  Ar2)  for  all  samples;  and  for 
A3  we  find  for  zero  rate  Ac3  —  Ar3  =  12°,  with  Ac3  =  912°  and 
Ar3  =  900°  on  the  average. 

Table  V. — Maxima  of  Critical  Ranges  for  Zero  Rate. 

Preliminary  Series. 


It  therefore  appears  that  in  spite  of  the  wide  variations  noted  in 
Table  IV,  the  nature  of  the  sample,  whether  or  not  gas-free  or 
whether  in  one  or  several  pieces,  does  not  influence  the  location  of 
the  maxima  of  the  critical  ranges  when  reduced  to  zero  rate  of  heat- 
ing and  cooling. 

The  Definite  Series  of  Observations  is  shown  in  Table  VI,  in  which 
are  recorded  all  the  observations  taken  with  the  improved  apparatus 
of  Figs.  4,  5,  and  6  on  the  samples  here  included.  There  are  three 
samples  of  electrolytic  iron  prepared  by  J.  R.  Cain,  F2,  F',  FT; 
an  electrolytic  sample,  F3,  prepared  by  Langheim-Pfanhauser;  an- 
other, F4,  from  Prof.  C.  F.  Burgess;  and  one  of  ingot  iron,  Fl,  all 
of  which  were  remelted  in  a  gas  furnace  before  taking  observations. 
In  addition,  F8  and  F9  are  small  samples  from  Nos.  25  and  26  re- 
spectively of  the  preliminary  series;  and  F5  is  a  piece  from  an 
electrolytic  sample  which  had  been  studied  thermally  by  Professor 
Carpenter. 
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ConsideriDg  first  the  existence  and  location  of  the  maxima  of  the 
A2  range,  the  observations  on  all  these  nine  samples  show  most  em- 
phatically the  existence  of  a  common  maximum  for  Ac2  and  Ar2  at 
768®,  with  agreement  of  1°  among  the  samples  and  as  between  the 
Ac2  and  Ar2  maxima.  This  result  is  identical  with  that  found  for 
the  samples  Nos.  25  and  26,  reheated  in  vacuOy  of  the  preliminary 
series,  and  for  the  others  of  this  series  when  reduced  to  zero  rate. 
This  constancy  of  (maximum  of)  Ac2  =  Ar2  =  768°  C.  +  0.5  is  seen 
therefore  to  persist  for  variations  in  mass  from  0.7  to  85  g.,  in  rate  of 
heating  or  cooling  from  0.06°  to  0.35°  per  second,  for  iron  remelted  ^ 

in  cacuo  or  gas  furnace,  whether  of  electrolytic  or  "  ingot "  prepara- 
tion, and  as  determined  in  two  differently  constructed  furnaces  in 
terms  of  five  separately  calibrated  thermocouples  by  two  methods  of 
thermal  analysis. 

The  small,  electrolytic  sample,  P6,  rom  Professor  Carpenter, 
which  had  been  heated  by  him  six  times  to  1,000°  C,  also  behaves 
exactly  like  the  others. 

Turning  now  to  the  maxima  of  A3,  we  see  that  for  all  the  samples 
Ac3  is  located  at  912°  ±  2,  while  the  agreement  for  Ar3  is  appar- 
ently not  so  good,  the  range  being  from  880°  to  903°  for  the  different 
samples  and  the  mean  value  of  Ar3  is  889°.  It  is  to  be  noted  that 
the  samples  F8  and  F9  preheated  in  vacuo  are  in  agreement  with  Nos. 
25  and  26  of  the  preliminary  series,  again  showing  the  smallest  in- 
terval, namely,  Ac3  —  Ar3  =14°. 

As  in  the  preliminary  series,  the  beginning  of  Ar3  is  located,  in 
ireneral,  at  about  the  same  temperature  as  the  beginning  of  Ac3,  al- 
though these  beginning  temperatures  are  not  defined  with  sufficient 
sharpness  to  warrant  certainly  the  statement  that  the  A3  transforma- 
tion begins  at  the  same  temperature  on  heating  and  in  cooling,  '  -  ,  ^ 
although  this  appears  highly  probable. 

Xo  effect  of  rate  of  heating  or  cooling  can  be  seen  in  the  location 
of  the  critical  range  A2.  For  the  critical  range  A3,  when  the  obser- 
vations on  Ac8  and  Ar3  are  plotted  in  terms  of  rate  of  heating  or 
cooling  (see  Fig.  7)  the  anomalies  in  location  of  Ar3  largely  disap- 
pear, although  extrapolating  Ac3  and  Ar3  to  zero  rate  again  fails  to 
give  a  single  equilibrium  temperature  Ac3.  For  zero  rate,  Ac3  =^ 
1^09°  and  Ar3  =  897°,  or  there  is  apparently  a  real  difference  of  some  '  | 

12°  in  the  location  of  the  maxima  of  this  transformation,  or  in  exact 
agreement  with  the  preliminary  series. 

Considering  both  series,  it  seems  safe  to  say  that  we  may  place 
Ac3  ==  909°  ±  1  and  Ar3  =  898°  ±  2  and  Ac2  =  Ar2  =  768°  =b  0.5 
for  pure  iron  passing  through  A3  and  A2  at  zero  rate,  and  through 
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A2  at  any  rate  provided  the  iron  is  gas-free,  and  in  the  form  of  a 
single  compact  piece. 

Description  of  the  Plotted  Curves. 

An  examination  of  the  actual  heating  and  cooling  curves  is  also 
essential.  For  most  of  the  samples  both  inverse-rate  (Marked  I), 
and  derived-differential  (marked  D)  heating  and  cooling  curves  are 
recorded.  Observations  were  usually  taken  at  2°  intervals,  althougli 
others  were  sometimes  used — /.  e,,  1°  and  4°  steps — which  are  evident 
from  inspection.  For  all  curves  the  ordinatea  represent  temperatures 
centigrade ;  for  the  inverse-rate  curves  the  abscissse  represent  time  in 
seconds  to  change  the  temperature  of  the  sample  by  the  unit  interval 
(1°,  2®  or  4°);  and  for  the  derived-differential  curves  the  abscissie 
represent  deflections  on  the  differential  galvanometer  scale  expressed 
in  millimeters. 


0.08  0.18  0.16 

DEGREES  PER  SECOND 
Fig.  7. — Temperature  vs.  Rate  for  A3  Range,  Definite  Series.      Samples  F1 

F2^  F3,  F4,  Fo,  F7,  Fl,  F8,  F9, 

77ie  Effect  of  Plotting  at  Different  Intervals  is  shown  in  Plate  III  for 
the  observations  of  a  single  heating  and  cooling  curve  of  sample  Al. 
It  would  appear  that  there  is  no  advantage  in  reducing  the  interval 
at  which  temperatures  are  taken  to  as  small  as  1°  in  the  desire  not  to 
miss  any  very  sliglit  transformation ;  on  the  contrary,  the  sensibility 
is  thereby  reduced  proportionally,  since  what  is  measured  is  only  the 
effect  between  two  successive  taps  of  the  key.  On  the  other  haml, 
with  wide  intervals  such  as  4°  missing  a  single  observation  may  be 
sufficient  to  throw  the  whole  series  into  doubt.  The  interval  chosen, 
2°,  appears  to  avoid  satisfactorily  the  two  pitfalls  of  lack  of  sensi- 
bility and  danger  of  missing  the  cusp  of  a  transformation. 
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■ 

The  Curves  of  the  Definite  Series  are  shown  in  Plates  IV  to  VIII. 
The  most  detailed  study  was  made  of  sample  F2,  consistin||[  of  33  g.  > 

of  premelted  electrolytic  iron  prepared  by  Mr.  Cain.     In  contrast  to  i     '  ' 

the  observations  by  ourselves  and  others  on  untreated  electrolytic 
iron,  which  show  irregular  curves  for  the  first  three  or  four  heatings,  .       .  , 

with  this  premelted  iron  the  first  curve  is  about  as  regular  and  sharply  '•  •   ^ 

defined  as  the  succeeding  ones.     The  similar  character  of  the  two  •  •   ^ 

types  of  curve  is  well  shown  here,  the  only  considerable  difference  .     '     :      , 

being  that  for  very  slow  and  for  rapidly  changing  rates  the  inverse-  -  ^  • 

rate  curve  shows  marked  departures  from  the  vertical.  It  is  apparent 
from  an  inspection  of  the  curves  that  although  the  maxima  and  to  a 
less  degree  the  ends  of  the  critical  ranges  are  sharply  defined,  the 
exact  location  of  the  beginnings,  especially  on  heating,  is  attended 
with  considerable  uncertainty  for  both  types  of  curve. 

The  curves  of  Plate  IVa  show  the  results  of  an  effort  to  attenuate 
or  eliminate,  if  possible  by  various  operations,  the  A2  point.  As  the 
curves  indicate,  it  is  impossible  to  influence  the  position  or  nature  of 
Ac2  or  Ar2  by  any  thermal  operations  performed  upon  the  iron  above 
or  below  this  temperature.  Thus  during  the  sixth  heating,  the  sam- 
ple was  held  71  min.  at  825°,  heated  to  above  A3  and  then  cooled; 
in  the  seventh  it  was  heated  to  just  below  the  beginning  of  A3  and  .    i  * 

then  cooled ;  in  the  eighth  and  ninth  it  was  heated  and  cooled  twice 
over  a  short  range,  including  the  A2  point;  in  the  teuth  it  was  held 
60  min.  just  below  A3  and  then  carried  up  and  down  three  times 
over  the  A3  range  before  cooling.  In  all  these  operations,  Ac2  and 
Ar2  remain  unchanged  in  any  way,  and  the  evidence  is  abundantly 
conclusive  that  the  critical  range  A2  is  in  no  sense  related  to  the  A3 
transformation,  as  has  been  suggested  it  might  be,  particularly  by 
Benedicks. 

A  small  piece  (1.5  g.  =:  F2')  of  the  above  sample  w-as  also 
examined  with  the  same  results  (Plate  IV). 

The  observations  with  several  other  samples  of  electrolytic  iron, 
F3,  F4,  and  F7,  premelted  in  the  gas  furnace,  are  shown  in  Plates  V, 
VII,  and  VIII,  corroborating  the  previous  observations.  It  will  be 
seen  that  in  each  case  the  first  heating  gives  as  definite  results  as  the 
succeeding  ones.  A  sample  of  35  g.  of  remelted  ingot  iron,  Fl 
(Plate  VII),  gives  the  same  type  of  curve  as  the  remelted  electrolytic 
irons. 

A  sample  of  particular  interest  is  F5,  it  being  0.7  g.  of  Professor 
Carpenter's  electrolytic  iron,  which  is  seen  (Plate  VI)  to  behave 
exactly  like  the  others,  showing  Ac2  and  Ar2  both  clearly  located  on 
the  curves  at  768°. 
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The  advantage  of  using  small  samples  for  sharply  defining  the 
magnitude  of  the  critical  ranges  is  well  shown  for  the  curves  of  F5 
(0.7  g.)v?8  (1.0  g.),  and  F9  (2.1  g.),  Plates  VI  and  VII,  the  last  two 
being  pieces  remelted  in  vacuo.  These  very  small  samples  were 
also  inclosed  within  the  platinum  neutral  in  the  furnace,  a  pro- 
ceeding which  appears  to  be  advantageous,  since  the  sample  F2"'  of 
1.5  g.  not  so  inclosed  (Plate  IV)  shows  the  A3  range  much  less 
sharply. 

The  Curves  of  the  Preliminary  Series  are  not  all  presented  here,  but 
a  sufficient  number  are  included  to  indicate  the  constancy  of  behavior 
attained  with  the  variously  prepared  samples  with  the  unperfected 
apparatus  and  at  times  with  an  unsteady  heating  current  All  the 
observations  taken  of  one  of  the  electrolytic  samples  premelted  in 
vacuo  (No.  26)  are  given  and  this  series  of  curves  (Plates  X,  Xa,  and 
Xb)  gives  a  fair  example  of  them  all.  Some  of  the  untreated  electro- 
lytic samples  give  somewhat  erratic  results,  as  shown  for  sample  No.  1, 
Plate  XI.  The  curves  for  the  ingot  iron,  sample  No.  22,  Plates  IX 
and  IXa,  are  also  representative  of  the  results  obtained  with  the 
earlier  apparatus. 

The  Existence  of  Other  Critical  Manges. — Several  observers  have  an- 
nounced the  existence  of  transformation  points  in  addition  to  A2  and 
A3,  notably  by  Sir  Roberts-Austen,  who  considered  he  had  found 
several  points  below  A2;  by  Carpenter,  one  at  675°  which  Rosenhain 
later  attributed  to  the  heating  tube;  by  Arnold,  a  "fourth  reeal- 
escence  point "  between  A3  and  A2  (or  a  doubling  of  A2) ;  by  Robin. 
two  critical  regions  below  A2  near  400°  and  100°  respectively;  and 
by  P.  Curie,  Broniewski,  and  others,  one  or  more  points  above  1,000°. 

A  few  of  our  observations  extend  to  as  low  as  800°  and  as  high  as 
1,050°  without  indicating  the  presence  of  any  critical  regions  above 
A3  or  below  A2. 

Some  of  the  curves,  particularly  on  cooling,  give  slight  evidence  of 
a, minute  transformation  at  about  805°  (see  in  particular,  several  of 
the  cooling  curves  for  sample  F2),  although  with  the  other  samples 
this  point  can  hardly  be  said  to  be  present.  If  a  point  between  A3 
and  A2  is  really  present,  this  would  corroborate  the  magnetic  obser- 
vations both  of  Curie  and  of  Weiss  and  Foex,  whose  susceptibility 
curves  show  an  inflection  between  A2  and  A3  (see  Fig.  2), 

There  is  more  positive  evidence  of  a  slight  absorption  of  heat  in 
the  heating  curves  corresponding  in  temperature  to  the  maximum  of 
Ar3.  Although  not  always  present  in  the  heating  curves,  this  dou- 
bling of  Ac3  is  well  shown,  mainly  for  the  inverse-rate  curves,  in  the 
following  of  the  definite  series:   Sample  F7,  both  curves;    the  curves 
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of  very  slow  rate  of  sample  P2,  especially  the  fifth ;  F4,  all  curves ; 
F8,  Fl,  and  F8,  slightly  evident;  while  this  doubling  is  apparently 
absent  in  F9  and  F5  (Carpenter's  sample),  both  of  very  small  mass. 

Some  of  the  curves  of  the  preliminary  seines  also  show  one  or 
anotlier  of  these  seccrdary  points,  (see  Plates  IXa  and  Xb)  usually 
raore  marked  in  the  inverse-rate  curves,  but,  due  to  the  relative  irre- 
gularity of  the  preliminary  series,  as  compared  with  the  definite  series 
using  the  perfected  apparatus,  we  do  not  place  any  considerable  re- 
liance on  the  former  for  this  purpose. 

In  view  of  the  apparent  impossibility  of  finding  experimentally  a 
common  equilibrium  temperature  Ac3  for  the  heating  and  cooling 
curves,  the  presence  of  an  inferior,  even  if  slight,  transformation  on 
heating  at  the  temperature  of  Ar3  would  be  an  aid  in  explaining  this 
anomaly,  although  the  allotropy  of  iron  would  thereby  be  further 
complicated, — a  step  we  are  by  no  means  anxious  to  champion,  unless 
the  facts  are  considered  sufliciently  convincing. 

Microscopical  Examination. 

(By  H.  8.  Rawdon.) 

Figs.  1  and  8  of  Plates  II  and  IIa.  which  are  micrographs  of  a 
sample  of  electrolytic  iron  prepared  by  J.  R.  Cain,  Bureau  of  Stand- 
ards, illustrate  the  appearance  of  the  metal  upon  deposition.  The 
iron  is  quite  different  in  its  properties  from  iron  under  ordinary  con- 
ditions. It  is  quite  brittle  and  hard,  and  the  samples  for  microscopic 
examination  are  prepared  with  much  less  difilculty  than  after  the  iron 
has  been  melted.  This  difference  is  undoubtedly  due  to  the  hydrogen 
which  saturates  the  metal  as  a  result  of  its  method  of  preparation. 

All  of  the  other  specimens  examined  show  some  spherical  gas 
bubbles,  due  to  the  liberation  of  the  dissolved  gases  during  the  pro- 
cesses of  melting,  and  which  did  not  escape  from  the  iron  an  account 
of  its  viscosity.  These  bubbles  have  a  peculiar  appearance  under 
vertical  illumination,  resembling  inclusions  of  MnS.  This  is  due  to 
the  absence  of  all  oxide  film  from  the  walls  of  the  bubble.  Fig.  5 
shows  this  appearance  of  the  bubbles  somewhat.  These  bubbles 
occur  in  all  the  specimens  regardle=^s  of  their  method  of  melting,  and 
also  very  small  ones  in  samples  which  were  heated  for  the  cooling- 
curve  determination  without  previous  melting.  Fig.  3  of  the  photo- 
micrographs is  interesting  in  showing  the  interior  veinings  in  the  iron 
crystals  which  appear  upon  deep  etching  after  considerable  heating. 

All  of  the  photomicrographs,  unless  otherwise  stated,  are  at  a 
magnification  of  100  diameters.  Picric  acid  was  used  as  an  etching 
agent. 


2570  THB   CRITICAL    RANGES   a2    AND   a3    OF   PURB   IRON. 

Summary  and  Conclusions. 

In  the  first  part  of  this  paper,  after  a  brief  statement  of  the  cur- 
rent theories  of  the  allotropy  of  iron,  we  have  given  what  we  hope 
will  be  considered  an  impartial  account  of  the  numerous  experimental 
efforts  of  others  to  locate  and  defiue  the  critical  ranges  A  2  and  A3  of 
pure  iron  in  terms  of  the  various  physical  phenomena  which  have 
been  found  to  change  with  temperature. 

These  observations  are  embodied  in  Tables  I  and  II,  from  which 
it  is  seen  that  all  the  physical  properties  of  iron  which  have  been 
studied,  with  the  single  notable  exception  of  crystallographic  struc- 
ture, have  shown,  in  the  hands  of  one  or  more  skillful  experimenters, 
a  distinct  discontinuity  for  the  A2  range  as  well  as  for  the  A3  range. 
For  several  of  the  phenomena,  such  as  electrical  resistance,  thermo- 
electricity, specific  heat,  and  magnetism,  it  would  appear  that  the  dis- 
continuity is  at  least  as  great  for  A2  as  for  A3,  while  the  thermal 
effect  has  of  course  been  long  recognized  as  being  much  the  more 
pronounced  at  A3. 

The  investigation  proper  consisted  in  taking  in  vacuo  some  130 
heating  and  cooling  curves  by  two  methods  simultaneously,  the  in- 
verse-rate and  differential,  for  15  samples  of  pure  iron  prepared  by 
various  methods  and  analyzed  by  several  chemists.  Unusual  precau- 
tions were  taken  to  secure  uniformity  of  heating  of  the  samples,  and 
it  was  also  possible  to  take  observations  for  samples  of  widely  dif- 
ferent mass  and  over  a  wide  range  of  rates,  each  maintained  strictly 
constant.  Two  furnaces  were  used,  and  temperatures  were  taken 
with  six  separately  calibrated  thermocouples.  The  observations  show 
that  in  order  to  get  consistent  and  reliable  results  in  the  thermal  an- 
alysis of  a  substance  such  as  iron,  the  properties  of  which  are  so 
readily  susceptible  to  many  minor  influences,  it  is  necessary  to  get 
rid  of  all  the  disturbing  influences. 

We  find  essential  the  following  precautions : 

1.  The  iron  should  be  pure;  our  purest  samples  were  99.988  and 
contained  0.003  per  cent,  carbon  or  less ;  and  it  should  be  kept  pure 
by  heating  it  only  in  vacuo;  a  pressure  of  0.01  mm.  of  mercury 
suffices. 

2.  Either  the  occluded  gases  should  be  removed  by  premelting  the 
iron,  preferably  in  vacuoj  or  it  will  in  general  be  found  necessary  to 
take  a  series  of  heating  and  cooling  curves  at  widely  different  rates, 
in  order  to  determine  correctly  the  location  of  the  critical  ranges 
A3  and  A2. 

3.  The  iron  should  be  in  a  single  piece  entirely  surrounding  and  in 
contact  with  the  thermocouple  junction,  otherwise  the  thermocouple 
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will  integrate  the  irregular  progress  of  the  heat  through  the  sample 
and  the  curves  will  lose  their  sharpness ;  small  samples  (1.0  g.  or  so) 
give  sharper  results  than  large  samples. 

4.  The  interval  of  recording  temperatures  should  be  wide  enough 
that  sufficient  sensibility  is  attained,  and  narrow  enough  that  the 
contour  of  the  curves  is  not  distorted;  we  have  found  a  2°  interval 
satisfactory. 

5.  The  sensibility  of  the  apparatus  indicating  temperatures  and 
differences  of  temperature  should  be  of  the  order  of  0.01°  and  time 
should  be  measured  to  better  than  0.2  sec. 

Among  the  results  of  this  investigation  may  be  mentioned  the 
demonstration  that  the  inverse-rate  and  differential  methods,  the 
latter  plotted  as  the  derived-differential  curve,  give  identical  results 
o!  the  same  sensibility  for  the  critical  ranges,  and  the  two  sets  of 
curves  are  strictly  similar,  save  for  minor  particulars. 

The  plotted  curves  give  what  seems  to  us  conclusive  evidence  of  the 
independent  existence  of  A3  and  A2,  all  of  the  130  curves  without 
exception  showing  both  these  critical  ranges  sharply  defined  and 
unquestionably  distinct  It  was  found  impossible  to  eliminate  or 
attenuate  A2  by  thermal  treatment.  The  A2  transformation  has  not 
a  double  cusp,  nor  do  there  appear  to  be  other  transformations  above 
A3  and  below  A2  between  300°  and  1,050°. 

With  electrolytic  iron,  unless  the  sample  has  been  premelted  into 
a  compact  mass,  erratic  results  will  be  obtained  for  both  A3  and  A2, 
the  location  of  the  critical  points  apparently  depending  in  the  main 
upon  the  rate  of  heating  or  cooling.  The  critical  points  may  even  be 
displaced  by  over  50°.  (See  Tables  IV  and  VI.)  It  is  possible, 
however,  to  reduce  the  observations  on  untreated  electrolytic  iron  to 
exactly  the  same  temperature  basis  as  the  gas-free,  compact  material 
by  taking  curves  at  several  rates  and  reducing  to  zero  rate.  This 
would  appear  to  indicate  that  the  gases  occluded,  mainly  hydrogen, 
play  no  essential  chemical  role  in  modifying  the  iron  equilibrium. 

Even  with  gas-free  iron  the  A3  point  is  not  entirely  independent  of 
the  rate  of  heating  or  cooling,  so  that  it  is  necessary  to  reduce  the 
observations  to  zero  rate  in  order  to  obtain  correct  results  for  Ac3 
and  Ar3.  The  range  in  the  location  of  Ar3,  for  example,  with  pre- 
melted samples  was  found  to  be  876°  C.  at  0.155  deg-sec.  to  897°  C. 
at  zero  rate.     (See  Fig.  7.) 

All  preparations  of  pure  iron,  even  those  containing  gases,  when 
reduced  to  the  common  basis  of  zero  rate  of  heating  or  cooling,  have 
the  same  maximum  for  the  A2  critical  range,  namely,  A2  =  Ac2  = 
Ar2  =  768°  +^  0.5.  All  but  one  of  the  15  samples  gave  this  result 
to  within  2°,  the  other  to  3°. 
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Similarly  for  zero  rate,  the  values  of  the  maxima  of  A3  are  found 
to  be  Ac3  =  909°  ±  1  and  Ar3  =  898°  +  2. 

It  was  not  possible  to  infer  a  single  equilibrium  temperature  Ae3 
from  these  experiments,  the  Ac3  transformation  on  heating  always 
being  at  a  higher  temperature  than  Ar3,  the  transformation  on 
cooling. 

It  was  found,  however,  that  the  beginning  of  Ac3  coincides  in 
temperature  with  the  beginning  of  Ar3  as  closely  as  could  be  judged. 
It  is  as  if  the  crystallographic  change  at  A3  required,  so  to  speak,  a 
temperature  inertia  to  complete  itself  both  on  heating  and  on  cooling, 
although  the  effect  of  rate  on  the  equilibrium  (see  Fig.  7)  appears  to 
be  slightly  the  greater  on  cooling. 

It  is  possible  that  the  A3  tranformation  is  somewhat  more  complex 
than  this,  as  there  are  indications  from  some  of  the  heating  curves  of 
a  doubling  of  Ac3,  although  not  of  Ar3.  This  effect  may  be  fortui- 
tous. 

The  relative  amounts  of  heat  accompanying  the  two  transforma- 
tions, A3  and  A2,  are  approximately  3  to  1  respectively. 

An  examination  of  some  of  the  heating  curves  will  perhaps  give 
the  incorrect  impression  that  Ac2  is  an  evolution  rather  than  an  ab- 
sorption of  heat.  The  swing  back  at  the  maximum  is  very  abrupt, 
following  what  appears  to  be  a  gradual  building  up  of  this  maximum 
from  an  indeterminate  low  temperature.  This  behavior  would  be  in 
accordance  with  the  gradual  change  in  certain  physical  properties, 
such  as  magnetism  and  electrical  resistance,  as  A2  is  approached. 
On  the  other  hand,  the  operations  carried  out  on  sample  F2  (Plate  V) , 
failed  to  diminish  sensibly  the  intensity  of  Ac2,  which  would  imply 
that  this  thermal  transformation  is  limited  to  a  narrow  temperature 
interval ;  also  some  of  the  curves  of  Ac3  show  that  this  long  back 
swing  appears  to  be  in  part  at  least  a  property  of  the  heating  condi- 
tions. The  shading  off  on  cooling  through  Ar2,  if  this  effect  is  a 
real  one,  might  be  masked  by  a  similar  swing  back  from  this  peak, 
and  therefore  be  indistinguishable. 

"We  hesitate  to  express  an  opinion  on  the  nature  of  the  allotropy  of 
iron.  These  thermal  observations  appear  to  show  that  the  transfor- 
mations A3  and  A2  arc  of  the  types  illustrated  in  Fig.  8.  The  fact 
that  A2  appears  to  be  accompanied  by  no  crystallographic  change, 
such  as  accompanies  A3,  requiring  a  violent  rearranging  of  relatively 
large  crystal  masses  and  involving  a  considerable  quantity  of  heat, 
may  account  for  the  sharpness  with  which  Ac2  equals  Ar2,  and  the 
A2  transformation  may  be  merely  molecular,  not  involving  the  crys- 
tallographic structure  as  such.     Whether  we  have  any  p  iron  or  not 
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to  inhabit  the  region  between  A2  and  AS  will  depend  on  our  defini- 
tion of  allotropy,  but  we  hope  that  we  have  proved  beyond  a  reason- 
able doubt  that  under  standard  conditions  there  is  a  definite  transfor- 
mation at  768°  and  a  less  well  defined  although  more  intense  one  at 
898°  to  909°  in  terms  of  their  maxima  on  cooling  and  heating. 

In  conclusion,  we  take  great  pleasure  in  acknowledging  the  samples 
of  iron  and  analyses  from  Prof.  C.  F.  Burgess,  Prof.  H.  C.  H.  Car- 
penter, Dr.  H.  Goldschmidt,  J.  R.  Cain,  and  the  American  Rolling 
Mill  Co.,  and  the  co-operation  of  the  chemical  division  of  this  Bureau 
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Fig.  8. — Types  of  Transformation  in  Iron. 

in  making  check  analyses.  The  care  and  skill  with  which  H.  Scott 
has  assisted  in  taking  and  reducing  the  observations  has  greatly 
expedited  the  investigation,  and  we  are  indebted  to  H.  S.  Rawdon  for 
the  photomicrographic  examinations. 
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enable  any  one  readily  to  get  in  touch  with  it.  The  papers  are 
grouped  in  terms  of  the  principal  phenomenon  studied  by  the  authors. 

General  Papers: 

Arnold,  Jl.  Iron  and  Steel  Inst,  p.  107,  No.  I ;  1894. 

Benedicks,  Jl.  Iron  and  Steel  Inst,  86^  p.  242  ;  1912  (contains  a  bibliography). 
Charpy,  Bull.  Soc  Chim.,  Paris.  (3)  33,  p.  218 ;  1905.  (3)  85,  p.  188  ;  1906. 
Howe,  Metallographist,  S,  p.  257  ;  1899. 

Metal lurgie,  6,  pp.  65,  105 ;  1909  (contains  bibliography). 

Ball.  Am.  Inst  Mining  Engrs. ,  78,  p.  1099  ;  1913. 
International  Society  for  Testing  Materials,  Reports,  1910,  1912. 
Osmond  and  Werth,  Ann.  des  Mines,  (8)  ^,  p.  5  ;  1895. 
Le  Chatelier,  Comptes  Bendus,  129,  pp.  279,  331 ;  1899. 

Metallographist,  ^,  p.  38  ;  1900. 
Robin,  Carnegie  Memoir,  Iron  and  Steel  Inst,  S,  p.  181 ;  1911. 

ProGS.  Int  Assoc.  Testing  Mats.,  II.,  No.  8,  1912. 
Broniewski,  Comptes  Bendus,  166,  pp.  699,  1983 ;  1913. 
Guertler,  Handbuch  der  Metallographie. 
Smits,  Zs.  Phys.  Chem.,  76,  p.  421  ;  1911. 
Smits  and  Leeuw,  ibid,  77,  p.  367  ;  1911. 
Weiss,  Int  Assoc.  Testing  Materials,  VII.,  2;  1910. 

Expansion : 

Charpy  and  Grenet,  Bull.  Soc.  d' Encouragement,  102,  pp.  464,  882  ;  1892. 

Comptes  Bendus,  134y  p.  598  ;  1903. 
Le  Chatelier,  Comptes  Bendus,  129,  pp.  279,  331 ;  1899. 
Broniewski,  Comptes  Bendus,  156,  p.  1983 ;  1913. 
Bosenhain  and  Humfrey,  Procs.  Boy.  Soc.  London,  83,  p.  200 ;  1909. 

Thermoelectricity  : 

Harrison,  Phil.  Mag.  (6)  3,  p.  177 ;  1902,  1903. 
Belloc,  Ann.  Chim.  et  Phys.,  30,  p.  42 ;  1903. 
Broniewski,  Comptes  Bendus,  156,  pp.  699,  1983  ;  1913. 

Grystallographic  : 

Osmond,  Ann.  des  Mines,  (9)  17,  p.  110 ;  Jan.,  Aug.,  1900. 

Metallographist,  3,  pp.  181,  275 ;  1900. 
Osmond  and  Cartaud,  Ann.  des  Mines,  (9),  18,  p.  113  ;  Aug.,  1900. 

Metallographist,  4,  pp.  119,  236;  1901. 
Bosenhain  and  Humfrey,  Procs.  Boy.  Soc  London,  83,  p.  200 ;  1909. 
Stead  and  Carpenter,  Jl.  Iron  and  Steel  Inst,  Sept,  1913. 

Mechanical  Properties : 

Bosenhain  and  Humfrey,  Procs.  Boy.  Soc.,  83,  p.  200 ;  1909. 

Jl.  Iron  and  Steel  Inst,  87,  p.  219  ;  1913  (contains  a  bibliography). 

Electrical  Resistance: 

Benoit,  Comptes  Bendus  76,  p.  342  ;  1873. 

Auerbach,  Wied.  Ann.  5,  p.  289  ;"1878. 

Boudouard,  Bull.  Soc  d*  Encouragement  102,  p.  449  ;  1903. 

Callendar,  PhU.  Trans.  178,  p.  161;  1887. 


THE   CRITICAL   RANaSS   a2    AND   a3    OF   PURB   IRON. 


2576 


Kohlrauiich,  Wied.  Ann.  SS^  p.  42 ;  1888. 

Le  Chatelier,  Comptes  ReDdus  110^  p.  283  ;  1890. 

HopkiDaon,  Phil.  TraDS.  A.  180,  p.  443 ;  1889. 

Dewarand  Fleming,  Phil.  Mag.  {b)  36^  p.  271 ;  1893. 

Morris,  Phil.  Mag.  (5)  U,  p.  213 ;  1897. 

Jaeger  and  Diesselhordt,  Win.  Abh.  P.  T.  B.  3,  p.  269 ;  1900. 

Harri^n,  Phil.  Mag.  (6)  .f,  p.  177 ,  1902. 

Niccolai,  Ph  js.  Zt«.  9,  p.  367  ;  1908. 

Kreusler,  Verh.  Phys.  Ges.  lOy  p.  344;  1903. 

A.  R.  Meyer,  Verh.  Phys.  Ges.  IS,  p.  680 ;  1911. 

Broniewski,  Comptes  Beodus  156,  p.  699  ;  1913. 

Somerville,  Phys.  Rev.  81,  p.  261  ;  1910. 


4 


Magnetijc  Measurements: 

HopkinsoD,  Phil.  Trans.  180,  p.  443:  1889. 
Morris,  Phil.  Mag.  (6)  .^,  p.  213  ;  1897. 
P.  Curie,  Ann.  Chim.  et  Phys.  (7)  5,  p.  289 ;  1895. 
Weiss  and  Beck,  Jl.  de  Phys.  (4)  7,  p.  249 ;  1908. 
WeisRand  Foex,  Jl.  de  Phys.  (5)  1,  p.  274,  744,  805;  1911. 
E  M.  Terry,  Phys.  Rev.  SO,  p.  133  ;  1910. 

Honda  and  Takagt,  Tokyo  Imp.  Univ.  8ci.  Beporte  1,  p.  207  ;  1912. 

Rev.  de  M^tallui^e  10,  p.  146  ;  1913. 


•      •• 


Cahrimelry  of  Iron  : 

Pionchon,  Ann.  de  Chim.  et  de  Phys  (6)  11,  p.  33  ;  1887. 
Barker,  Phil.  Mag.  (6)  10,  p.  430;  1905. 
Oberhoffer,  Metallargie,  4,  p.  427  ;  1907. 
Weiss  and  Beck,  Jl.  de  Phys.  7,  p.  249  ;  1908. 
E.  Lecher,  Verh.  D.  Phys.  Ges.  9,  p.  647  ;  1907. 
Meathen,  Ferrinu,  /,  p.  1 ;  1912. 


Thermal  Analysis : 

(  arpenter  and  Keeling,  Jl.  Iron  and  Steel  Inst  I,  p.  224  ;  1904. 

Collected  Researches  Natl  Phys.  Lab.  I,  p.  227. 
Hackhort,  Metallurgie,  ^,  p.  617  ;  1907. 
Cismond,  Mem.  de  1'  Art  de  la  Marine,  15,  p.  573 ;  1887. 

Ann.  des  Mines,  (8)  14y  p.  5  ;  1888. 

Jl.  Iron  and  Steel  Inst,  p.  38,  No.  1 ;  1890. 

Metallographiflt,  2,  p.  169  ;  1899. 

Rev.  de  Metallurgie,  S,  p.  551 ;  1906. 
Roberts-Austen,  Proc<.  Inst  Mech.  Engrs.  p.  543;  1891;   p.  35  ;  1899. 
Charpy  and  Grenet,  Bull.  Soc.  d' Encouragement,  102,  p.  464  ;  1903. 
Muller,  Metallurgie,  6,  p.  145  ;  1909  (contains  bibliography). 
Arnold,  Jl.  iron  and  Steel  luMt.,  p.  107,  No.  1  ;  1894. 
Int  Zs.  Metallographie,  /,  p.  192 ;  1911. 
British  Assoc.  Reports  (Sheffield),  1910. 
McWilliams  and  Barnes,  Jl.  Iron  and  Steel  Inst.  p.  246,  No.  1  ;  1910. 
H.  Moore,  Jl.  Iron  and  Steel  Inst  p.  268,  No.  1 ;  1910. 
(ioerens  and  Meyer,  Metallurgie,  7,  p.  307  ;  1910. 
Ouillet  et  Portevin,  Comptes  Rendus  156^  p.  702  ;  1913. 
Carpenter,  Jl.    Iron  and   Steel    Inst.  87,  p.   315;    1913.      (Followed  by  very  full 

discussion. ) 
Broniewski,  Comptes  Rendus,  156,  pp.  699,  1983  ;  1913. 


•    1 


< 


I  •  ; 


2576  THE    CRITICAL    RAKOBS    a2    AMD    aS    OF    FUHE    IBON. 


TBE   CRITICAL   BANaES   a2   AND   a3   OF   PUBB  IBOK. 


^Rill's  Electrolytic  Iron  m  Depoeiied, 
I  ia  peTpendiciiUr  to  the  elMlrode. 


Pig.  2.— C.  F.  Burgess's  Electrolyte  IroQ  heated 
10  1,060°  sevenl  times  but  Dot  icmelted. 


neatSOOX-    Small  bubbles  are        Fig.  4.— Cylinder .' 
It  this  magnification.  ioRot  iron 

Plate  II.— Photomicbooeaphs. 
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TRAN8AOTION6  OF  THS  AMERICAN  INSTITUTE  OF  MINING  ENQINBEB8. 

[•UBj»GT  TO  mavmow.] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihoold  prefenbly  be  preaented  In  penon  at  the 
tfew  York  meetbig.  October.  191B.  when  an  abetraot  of  the  paper  will  be  fead.  If  this  is  impoasible , 
then  dlscoaalon  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers.  29 
W«t  90th  Street,  New  York,  N.  Y.,  Ibr  presentation  hj  the  Secretacr  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1.  lOU, 
An/  discussion  oflbred  thereafter  should  preferably  be  la  the  form  of  a  new  paper  for  publication 
In  vol.  XLVII.  (with  suitable  cross-relbrences  in  both  yolumes). 


The  Future  of  the  Chilled  Car  Wheel. 


BY  P.    H.   OIUFFIK,    FEW  YORK,   N.    Y. 


(New  York  Meeting,  October,  1918.) 


When  a  subject,  such  as  the  manufacture  and  service  of  chilled  car 
wheels,  as  has  been  fruitlessly  discussed  for  ten  or  fifteen  years,  it  is 
difficult  to  revive  interest  and  action  by  the  mere  repetition  of  state- 
ments and  arguments  that  have  been  made  before. 

And  when  a  situation  involves  serious  responsibilities  for  conditions 
that  have  grown  up  under  circumstances  beyond  the  control  of  any 
particular  individuals  or  authority,  it  is  even  more  difficult  to  deal 
with.  But  there  is  one  phase  of  every  subject  that  need  not  involve 
these  particular  points  if  presented  in  a  proper  manner ;  and  that  is, 
"  the  future  state." 

I  will  try  to  present  the  subject  of  this  communication  from  the 
latter  standpoint  and  with  the  hope  that  all  of  those  interested  will 
feel  disposed  to  give  the  matter  attention  from  the  basis  that  it  is  a 
vitally  important  one  to  all  that  travel  on  railroads,  whether  as  em- 
ployees or  officials,  or  as  dependent  on  those  in  charge  of  the  operation, 
or  in  the  matter  of  materials  and  equipment  used. 

The  conditions  of  chilled  wheel  service  have  been  changed  so  radi- 
cally in  the  past  ten  or  fifteen  years  by  the  use  of  freight  cars  of  40 
and  50  tons  capacity,  that  it  is  fair  to  say  in  the  interest  of  all  con- 
cerned in  the  use  and  in  the  manufacture  of  such  wheels,  that  the 
increased  strains  and  loads  have  been  quite  sufficient  to  account  for 
much  of  the  service  results  that  have  transpired. 

That  proper  provision  was  not  made  for  increased  possibilities  of 
strength  and  wear,  in  fact  that  previous  factors  of  the  kind  were 
allowed  to  deteriorate,  is  no  proof  that  such  wheels  cannot  be  made 
equal  to  heavy  service  conditions  as  shown  in  the  data  given  her^n. 

It  was  somewhat  remarkable  that  a  radical  change  occurred  in  the 
important  factor  of  price  paid  for  chilled  wheels  about  two  or  three 
years  before  the  possible  use  of  the  50-ton  car  was  seriously  enter-  * 

tained.    In  1898  the  price  for  chilled  wheels  used  for  renewals  and 
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repairs,  which  is  determined  and  fixed  by  the  Rules  of  the  Master 
Car  Builders'  Association,  was  reduced  about  25  per  cent,  from  the 
basis  at  which  it  had  stood  for  the  preceding  10  or  15  years;  and  in 
1895,  a  further  reduction  of  about  as  much  more  was  made. 

This  brought  the  net  price  that  any  railroad  could  charge  for  wheels 
used  for  renewals  and  repairs,  made  on  cars  belonging  to  any  other 
railroad  or  owner,  down  to  about  60  cents  per  100  lb.  plus  the  delivery 
of  an  equal  weight  of  worn-out  or  failed  wheels.  General  basineee 
conditions  about  that  time  were  such  that  very  severe  competition 
existed  in  the  purchase  and  sale  of  all  material  having  to  do  with 
railroad  equipment. 

Between  1895  and  1900,  the  price  of  chilled  car  wheels  used  under 
new  cars  did  not  exceed  an  average  of  one  cent  per  pound.  This 
price  covered  the  entire  payment  made  for  the  wheel.  It  is  manifest 
that  such  a  change  in  price  conditions  was  bound  to  afiect  in  a  very 
serious  manner  the  quality  of  material  used  and  the  kind  of  workman- 
ship that  could  be  devoted  to  the  manufacture. 

By  1900  the  use  of  freight  cars  of  50  tons  capacity  had  passed  the 
point  of  experiment  so  far  as  successful  construction  was  concerned, 
and  during  the  next  five  years  the  number  of  such  cars  built  increased 
from  year  to  year. 

Between  1905  and  the  present  time  this  increase  has  been  more 
rapid  from  year  to  year,  until  the  number  of  such  cars  amounted,  as 
it  now  does,  to  nearly  one-third  of  the  entire  total  of  freight  cars  in 
use.  This  figure  is  approximate  and  may  be  a  little  in  excess  of  the 
present  proportion,  but  the  total  number  of  cars  of  40  tons  capacity 
in  use,  taken  together  with  the  50-ton  cars,  will  undoubtedly  bring 
the  total  of  both  classes  somewhat  over  the  half  of  all  freight  cars  in 
service.  This  radical  change  haa  taken  place  principally  since  1895, 
the  date  at  which  the  reduction  in  M.  C.  B.  price  of  chilled  wheels 
was  made. 

It  will  be  seen,  therefore,  that  during  a  period  of  about  15  years 
the  price  of  the  chilled  wheel  had  been  at  a  point  nearly  50  per  cent, 
below  the  price  per  pound  that  previously  prevailed,  while  the  load 
carried  per  wheel  and  the  general  severity  of  service  conditions  in- 
creased in  about  the  same  proportion. 

Whatever  the  shortcomings  of  the  chilled  wheel  may  have  been 
under  such  conditions,  it  is  necessary  to  make  due  allowance  for  this 
fact,  and  whatever  the  possibilities  of  its  future  service  may  be,  it  is 
equally  necessary  to  make  provision  for  such  change  in  the  M.C.B. 
price  as  will  admit  of  the  use  of  the  quality  of  material  and  manufac- 
turing practice  that  will  be  at  least  equal  to  the  quality  used  before 
the  reduction  in  price  was  made. 
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In  all  the  diBCuasions  that  have  taken  place,  it  is  probable  that  no 
concise  impression  has  ever  been  made  upon  the  mind  of  the  aver* 
age  railroad  official  as  to  what  this  necessary  difierence  should  be. 
Speaking  from  a  fairly  intimate  knowledge  of  the  cost  of  manu- 
factare  and  material  used  during  some  15  or  20  years  prior  to 
1895,  and  of  the  same  during  the  interval  since  1895,  I  may  say 
that  an  advance  of  |2  per  wheel  in  the  M.C.B.  price  for  83-in.,  7254b. 
wheels,  the  standard  for  50-ton  car  service,  will  be  sufficient  to  pro- 
vide for  the  use  of  materials  and  manufacturing  process,  equal  to  any 
that  was  used  in  the  iirst  period  referred  to.  And  that  the  scrap 
value  of  such  wheels,  because  of  the  better  quality  of  material  in 
same,  will  be  75  cents  more  than  the  present  M.C.B.  price  for  worn- 
out  wheels.  The  present  M.C.B.  price  for  wheels  of  diameter  and 
weight  named  is  |9,  and  the  present  M.C.B.  scrap  allowance  for  the 
worn-out  or  failed  wheel  is  (4.75,  making  the  net  price  per  new  wheel 
$4.25;  the  latter  being  all  that  can  be  charged  by  any  railroad,  per 
wheel,  for  wheels  used  for  renewals  and  repairs,  and  the  change  sug- 
gested would  make  the  price  of  the  new  wheel  $11 ;  the  price  of  the 
worn-out  or  failed  wheel  $5.50,  and  the  net  charge  that  could  be  made 
$5.50,  for  the  new  wheel. 

It  is  not  probable  that  any  exception  would  be  taken  to  the  pay- 
ment of  this  advance  in  price  by  any  owner  of  50-ton  cars,  provided 
there  was  a  reasonable  certainty  of  getting  proportionately  better 
wheels  upon  the  payment  of  the  diflFerence. 

The  Wheel  Committee  of  the  Master  Car  Builders'  Association 
Ilea  discussed  the  subject  of  the  quality  and  section  of  chilled  wheels 
with  informal  and  formal  committees  representing  the  chilled  car 
wheel  makers,  and  in  1908  standard  sections  were  adopted  as  the 
result  of  conferences  held  during  the  preceding  three  or  four  years 
between  an  informal  committee,  representing  the  wheel  makers,  and 
the  Wheel  Committee  of  the  M.C.B.  Association. 

After  this  action  was  taken,  the  latter  committee  desired  to  take 
up  the  subject  of  standard  specifications  covering  the  quality  of  mate- 
rial and  the  details  of  manufacturing  practice  to  be  used.  Nearly  all 
of  the  chilled  wheels  makers  in  the  country  joined  in  the  formation 
of  an  incorporated  association  known  as  the  Association  of  Chilled 
Car  Wheel  Makers,  and  this  association  has  discussed  the  subject  with 
the  Wheel  Committee  of  the  M.C.B.  Association  from  year  to  year 
since,  but  without  arriving  at  any  agreement  upon  the  matter. 

The  manufacture  and  use  of  the  rolled  steel  wheel  began  experi- 
mentally about  the  time  that  the  construction  of  the  50-ton  capacity 
ear  commenced,  and  after  passing  through  the  usual  experimental 
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stages  of  manafactaring,  plant,  equipment,  etc.,  the  making  of  such 
wheels  has  become  quite  well  established  in  one  or  two  of  the  Eastern 
States. 

When  such  wheels  were  first  made  and  used  it  was  claimed  that  the 
life  of  the  same  would  be  about  equal  to  that  of  the  steel-tired  wheel, 
but  that  claim  was  based  on  the  idea  of  turning  down  the  tread  of  the 
rolled  steel  wheel,  when  worn,  and  to  secure  in  this  manner  three  or 
four  periods  of  life  instead  of  the  single. period  embraced  in  the  use  of 
the  chilled  wheel.  This  practice  was  never  carried  out  to  any  extent, 
and  whether  it  is  now  or  may  be,  in  the  future,  will  depend  on  whether 
railroads  are  prepared  to  install  the  necessary  plant  for  doing  sach 
work  and  make  it  a  part  of  their  regular  shop  practice.  Such  a 
change,  if  made,  will  be  quite  a  radical  one  compared  with  the  more 
simple  practice  associated  with  putting  in  service  and  replacing  chilled 
wheels.  That  such  practice  has  not  been  carried  out  to  any  consider- 
able extent  by  the  railroads  that  have  made  the  most  extensive  use  of 
the  rolled  steel  wheel  is  clearly  indicated  by  the  number  of  such  wheek 
sold  as  scrap  after  the  first  removal  from  service. 

It  is  quite  possible  that  with  the  improvement  in  the  quality  of  the 
rolled  steel  wheel  which  is  certain  to  be  made  from  year  to  year,  the 
practice  of  turning  down  the  treads  and  flanges  will  be  extended,  and 
as  such  practice  is  and  has  always  been  general,  in  the  case  of  wheels 
used  under  passenger  cars  and  locomotives,  it  will  not  involve  any- 
thing new  except  the  additional  and  quite  heavy  investment  neces- 
sary to  provide  for  the  work  and  the  cost  of  carrying  it  on. 

The  rapid  increase  in  wear  at  the  junction  of  flange  and  tread,  known 
as  the  <<  throat,"  introduces  quite  a  different  condition  with  respect  to 
the  turning  down  of  treads  and  flanges  of  wheels  used  in  heavy  freight 
car  service,  because,  regardless  of  the  wear  on  tread,  suflicient  metal 
must  be  taken  from  both  tread  and  flange  to  form  a  new  and  proper 
contour  of  both.  A  wheel  that  is  worn  to  the  M.  C.  B.  limit  of  flange 
wear,  will  require  the  removal  of  at  least  f  in.  of  metal  from  the  tread 
section  or  |  in.  from  the  total  diameter  to  restore  the  proper  flange 
section.  Considering  the  fact  that  the  best  wear  is  obtained  from  the 
outer  section  of  the  metal,  it  may  be  seen  that  there  are  some  vital 
questions  involved  in  the  practice  described. 

One  thing,  however,  is  quite  clear.  The  wheel  used  under  cars  of 
50  tons  capacity  must  be  equal  to  the  service  demands  upon  it  to  the 
best  of  the  ability  of  those  responsible  for  the  conditions  of  such  ser- 
vice to  obtain  such  wheels,  and  the  question  of  cost  or  type  of  wheel 
must  be  secondary,  in  the  long  run,  in  this  respect. 

It  is  important,  therefore,  in  considering  the  possibUities  of  the 
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chilled  wheel  in  50  ton  car  service,  to  obtain  all  possible  data  as  to 
the  past  performance  of  such  wheels  under  service  conditions  of  like 
kind  or  that  have  approached  the  same. 

Prior  to  1895,  the  use  of  charcoal  pig  iron  in  the  manufacture  of 
chilled  wheels  was  quite  general,  and  up  to  about  1890  about  50  per 
cent  of  such  metal  was  generally  used  by  chilled  wheel  makers. 

A  mixture  used  between  1880  and  1890  by  one  of  the  large 
manufacturers  of  chilled  wheels,  consisted  of  a  total  of  1,800  lb.  of 
charcoal  pig  iron  out  of  a  total  'charge  of  3,400  lb.  put  into  the 
cupola.  This  1,800  lb.  of  charcoal  pig  iron  consisted  of  1,600  lb.  of 
Lake  Superior  charcoal  iron  and  200  lb.  of  Southern  charcoal  iron. 
This  mixture  was  considered,  at  that  time,  as  of  an  ordinary  charac- 
ter, and  for  chilled  wheels  used  under  locomotives  and  passenger 
cars  the  mixture  would  have  consisted  of  a  larger  proportion  of  the 
more  expensive  charcoal  irons  made  in  small  furnaces  in  the  Eastern 
and  Southern  States.  But  it  is  interesting  to  note  that  even  for 
ordinary  mixtures,  at  that  time,  50  per  cent,  of  the  total  quantity 
consisted  of  charcoal  pig  iron. 

The  use  of  the  lower  cost  mixtures  containing  coke  pig  iron  and 
scrap,  hardened  with  steel  scrap,  and  given  a  certain  chilling  quality 
by  the  addition  of  ferro-manganese,  began  about  1888;  and  as  it  was 
possible  to  produce  chilled  wheels  that  would  give  the  same  results 
under  test  as  those  made  from  charcoal  iron  mixtures,  it  is  easy  to 
see  how  and  why  the  business  fell  more  and  more,  from  year  to  year, 
into  the  hands  of  wheel  makers  developing  and  carrying  on  such 
practice.  There  is  no  doubt  that  the  reductions  in  price  made  in 
connection  with  competition  to  secure  orders  brought  the  price  of 
such  quality  of  chilled  wheels  down  to  a  basis  that  largely  accounted 
for  the  reduction  made  in  the  M.C.B.  price  in  1898  and  1895. 

About  the  same  time  the  use  of  the  "  drop  "  and  "  thermal "  tests 
became  more  universal,  and  the  application  of  such  tests  to  wheels 
made  for  monthly  renewal  and  repair  orders  issued  by  the  railroads, 
became  more  general.  There  is  no  doubt  that  these  tests  were  relied 
upon  very  largely  by  railroad  officials  to  determine  the  quality  of  car 
wheels  purchased,  and  that  they  were  valuable  to  that  end.  Such 
tests,  however,  were  increased  in  severity  from  year  to  year,  and  it  is 
now  evident  that  about  1900  the  quality  of  wheels  made  under  such 
practice  was  governed  more  by  the  necessity  of  getting  the  wheels 
past  the  tests,  than  by  the  fitness  of  the  wheels  to  resist  the  service 
conditions  that  caused  more  rapid  wear  and  failure. 

Up  to  1900  the  recasting  of  wheels  removed  from  service,  which 
had    been    made   out   of  the   charcoal  iron  mixtures,  retarded  the 
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effect  of  the  new  practice  so  far  as  service  results  were  concerned. 
Between  the  year  1900  and  the  present  date,  and  as  wheels  have 
been  recast  into  new  ones,  this  condition  has  been  less  and  less  efiec- 
tive  from  year  to  year. 

The  report  of  the  Interstate  Commerce  Commission  for  the  year 
terminating  June  80,  1912,  gives  the  statistics  of  derailments  caused 
by  broken  and  failed  wheels.  These  statistics  show  that  2,520  de- 
railments were  due  to  broken  and  burst  wheels,  6,020  were  due  to 
broken  flanges,  and  999  were  due  to  miscellaneous  wheel  failures, 
making  a  total  of  nearly  10,000  derailments  due  to  wheel  failures  out 
of  a  total  number  of  derailments  due  to  defective  eqaipment,  of 
28,904.  These  statistics  cover  the  period  1902  to  1912  inclusive,  or 
eleven  years,  and  show  a  much  heavier  increase  in  the  number  of  de- 
railments due  to  wheel  failures  than  can  be  accounted  for  by  the 
number  of  freight  car 'wheels  in  use,  as  the  same  increased  from  year 
to  year. 

The  total  number  of  such  wheels  in  use  is  about  20,000,000,  and 
the  annual  capacity  of  the  chilled  car  wheel  makers,  included  in  the 
membership  of  the  wheel  makers'  association,  is  given  in  the  Pro- 
ceedings of  the  M.  C.  B.  Association  for  1909  as  about  6,000,000 
wheels,  based  on  the  output  per  day  for  the  different  makers  of  about 
20,000  wheels,  as  stated  in  the  report  of  the  M.  C.  B.  Wheel  Com- 
mittee in  the  Proceedings  for  that  year. 

If  the  annual  output  was  fully  maintained,  it  would  mean  the 
making  of  a  sufficient  number  of  wheels  to  renew  the  entire  total  in 
use  in  periods  of  less  than  four  years  each,  but  it  is  probable  that  the 
output  is  not  always  so  maintained,  although  it  must  be  nearly  so. 

The  statistics  referred  to  do  not  distinguish  as  to  the  type  or  kind 
of  wheel  that  caused  each  derailment,  and  it  must  not  be  supposed 
that  the  failure  could  be  attributed  to  chilled  wheels  in  any  particular 
proportion  as  compared  with  the  steel  wheels,  either  of  the  rolled  or 
steel-tired  type.  Although  no  such  complete  statistics  have  been 
heretofore  published,  the  figures  that  have  been  published,  from  time 
to  time,  with  respect  to  the  breakage  of  steel  or  chilled  wheels,  have 
not  indicated  that  the  latter  differ  particularly  from  the  former. 

A  peculiar  feature  of  a  number  of  very  serious  derailments  in  re- 
cent years  is  the  breakage  of  wheels  under  heavy  capacity  freight 
cars  at  the  particular  time  when  passenger  trains  were  passing,  and 
the  derailment  of  the  passenger  train,  due  to  striking  the  debris  of 
the  freight  cars  thrown  on  the  passenger  tracks  so  suddenly  that 
there  was  no  time  to  do  anything  to  prevent  a  wreck. 

About  three  years  ago,  on  a  leading  Eastern  railroad,  a  wheel 
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der  a  heavy  capacity  freight  car  when  the  Utter  reached  the 
severe  grade,  and  at  the  very  moment  when  an  express  train, 
lown  a  severe  grade  in  the  opposite  direction,  reached  the 
X.  The  point  in  question  was  a  valley  at  the  foot  of  the  two 
ides.  The  locomotive  of  the  express  trmn  struck  the  wreck- 
e  freight  train  with  such  an  impetus  that  the  second  express 
brown  bodily  up  in  the  air,  over  the  first  express  ear  and  the 
7e,  and  on  the  track  ahead.  This  description  of  the  wreck 
[1  at  the  time  in  the  daily  papers  and  was  referred  to  as  being 
larkable  in  its  conditions.  The  conatruction  of  the  express 
.  have  been  of  the  steel-frame  type,  and  this  undoubtedly 
i  for  the  peculiar  result  that  took  place.  The  present  ten- 
go  to  the  use  of  st£el  car  construction  evidently  has  possibil- 

kind  that  has  not  been  hitherto  experienced,  and  that  make 
ecessary  to  leave  nothing  undone  to  secure  every  condition 
action  and  operation  that  will  increase  the  factor  of  safety. 
jn  1890  and  1895,  locomotives  of  100  tons  total  weight  were 
the  Michigan  Central  Railroad,  Canada  Southern  Division. 
I.  of  the  weight  was  on  the  driving  wheel,  21,840  lb.  was  on 
le  forward  truck.     The  weight  of  tank,  empty,  was  43,000 

weight  ol  the  water  carried,  when  tank  was  full,  was  81,160 

weight  of  coal  carried,  when  engine  tender  was  loaded,  was 
I.     The  total  weight  of  engine  and  tank,  the  latter  loaded, 

206,000  lb. 

lileage  record  of  308  wheels,  out  of  884  used  under  these 
vee,  showed  aa  follows ; 

122  wheels  made 60,000  to   75,000  miles. 

97  wheels  made 75,000  to  100,000  miles. 

39  wheels  made 100,000  to  164,437  miles. 

1  wheel  made 181,446  miles. 

37  wheels  made 40,000  to    60,000  miles. 

9  wheels  made 30,000  to   40,000  mile*. 

2  wheeta  made 25,000  to    30,000  miles. 

1  wheel  made 20,756  miles. 

ry-six  wheels  were  "  good  "  when  removed,  though  taken  out 
int  of  wear  on  oppOBit«  wheel,  and  were  put  back  in  other 
Not  one  of  the  wheels  failed  on  account  of  breakage  of  any 

locomotives  were  used  in  fast  passenger  service,  frequently 
at  over  60  miles  per  hour,  and  were  first  equipped  with  steel- 
leels.  As  the  latter  were  replaced,  33-iii.  chilled  wheels, 
;  650  lb.  each,  made  from  mixtures  of  selected  charcoal  iron, 
id  with  the  above  results. 
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This  special  instance  is  given  in  some  detail  to  show  the  possibili- 
ties of  chilled  wheels  made  out  of  good  charcoal  iron  and  of  the  weight 
and  section  indicated/which  is  nearly  100  lb.  below  the  weight  and 
section  of  wheel  now  used  under  freight  cars  of  50  tons  capacity. 

In  this  particular  case  the  chilled  wheels  were  used  under  both  the 
locomotive  tenders  and  the  locomotive  trucks,  and  thus  the  load  per 
wheel  was  carried  to  the  amount  of  94,000  lb.  on  the  driving  wheels, 
and  the  remaining  load  of  112,000  lb.  was  carried  on  the  eight  wheels 
under  each  tender  and  the  four  wheels  under  each  forward  truck,  thus 
bringing  the  average  load  per  carrying  wheel  down  to  about  9,500 
lb. ;  the  fact  that  the  eight  tender  wheels  were  all  equipped  with 
brakes  and  had  to  resist  the  excessive  heating  involved  in  the  control 
of  such  high  ^peed  service,  and  the  further  fact  that  the  leading  truck 
wheels  had  to  receive  the  shocks  and  blows  delivered  at  each  turn 
and  irregularity  of  track,  made  the  service  as  a  whole  so  severe  that 
it.  may  well  be  compared  with  the  service  of  chilled  wheels  under  5i>- 
ton  capacity  freight  cars,  the  service  of  which  rarely  attains  one-half 
of  the  speed  in  the  case  cited. 

It  is  nevertheless  true  that  wheel  service  at  speeds  of  25  to  30 
miles  per  hour,  especially  on  grades  and  in  the  case  of  long  and  heavy 
freight  trains  used  in  present  practice,  puts  very  severe  strains  upon 
the  wheels  with  respect  to  the  heating  of  tread  and  flange  by  brake 
friction.  The  result  of  this  heating  in  connection  with  the  quality  of 
iron  in  the  average  chilled  wheel  with  its  high  sulphur  content,  is  the 
more  rapid  disintegration  due  to  the  fact  that  the  metal  is  ''  red 
short,"  or  "  weak  when  hot,"  when  heated,  as  all  high-sulphur 
metal  is. 

The  service  of  the  same  quality  of  chilled  wheel  under  heavy  freight 
locomotives  may  be  noted  from  the  statement  annexed  to  this  com- 
munication; and  without  going  into  a  technical  discussion  of  the 
matter  it  is  clear  from  these  and  other  cases  which  can  be  cited  that 
chilled  wheels  have  been  made  and  can  be  made  of  such  qualities  of 
iron  and  other  such  methods  of  manufacture  as  will  give  efficient* 
safe,  and  economical  service. 

The  subject  at  large  has  so  many  ramifications,  and  there  are  eo 
many  important  details  to  consider,  that  it  would  not  be  possible  to 
deal  with  it  in  any  technical  manner  within  the  limits  of  a  communi- 
cation like  the  present  one.  It  must  be  remembered  that  the  number 
of  car  wheels  in  service  is  about  25,000,000,  including  all  kinds  and 
descriptions  of  car  wheels  in  all  kinds  of  service,  steam,  electric,  etc. 

Also  that  the  output  of  wheels  per  day  required  to  provide  for  re- 
newals and  repairs  and  average  new  construction  is  from  20,000  to 
25,000  according  to  industrial  and  general  business  conditions. 
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That  from  6,000  to  8,000  tons  of  metal  must  be  used  per  day  to 
make  this  product,  and  that  in  the  case  of  chilled  wheels  at  least  75  j 

per  cent,  of  this  material  is  obtained  by  the  reworking  or  recasting  of  1       ' 

wheels  removed  from  service.  I 

It  must  be  remembered  that  the  average  load  per  wheel  in  steam  *    .  ; 

railroad  service  has  practically  doubled  in  the  past  10  or  15  years,  '.  •   < 

and  that  the  operating  and   metallurgical  problems  arising  out  of  .  •  'J, 

this  fact  still  remain  to  be  dealt  with  in  very  large  degree.  '  *     '     \ 

There  is  no  doubt  that  a  very  considerable  proportion  of  the  wheels 
in  use  under  40  and  50  ton  capacity  freight  cars  is  in  a  condition  that  *  a    \ 

requires  very  serious  and  prompt  attention.    And  there  is  little  doubt  '  \*. 

that  the  manufacture  of  chilled  wheels  of  the  proper  material,  the  '  j  * 

proper  analysis,  and  made  under  manufacturing  conditions  that  will 
prove  the  fact  that  the  necessary  quality  exists,  before  the  wheels  are  '     *  •     ; 

accepted  and  put  into  service,  constitutes  a  very  serious  matter.  *  .]       '. 

Indeed  it  is  not  one  to  be  entered  upon  without  careful  and  due 
regard  for  the  present  conditions  of  service  and  those  that  are  likely  . .    - 

to  follow  in  the  near  future,  nor  without  due  regard  for  the  means 
and  appliances  with  which  the  present  output  of  wheels  is  made.  The 
question  involves  primarily,  the  sufficient  supply  of  the  right  kind  of 
material,  principally  iron.     Opinions  may  differ  as  to  the  quality  of       .  ^  . 

iron  that  should  be  used,  and  no  doubt  it  will  be  maintained  by  a  •  '     . 

considerable  number  of  those  interested  that  it  is  not  necessary  to  '■    ' '       . 

use  charcoal  iron.  It  must  be  remembered  in  this  connection  that 
up  to  1895  the  service  of  the  chilled  wheel  was  very  satisfactory  on 
the  whole,  and  that  it  was  made  exclusively  out  of  charcoal  iron  in 
all  the  years  prior  to  about  1890.     The  non-charcoal  iron  wheel  as  ^:  '  , 

explained  previously  came  into  use  about  this  time,  and  by  1895  the  ^    ■     * 

use  of  such  wheels  became  dominating  so  far  as  the  general  demand  ^ 

was  concerned.     By  1900  the  manufacture  of  charcoal  iron  wheels  ■       *  .    '  1 

practically  terminated  in  this  country,  as  indicated  by  the  fact  that 
the  consumption  of  such  iron  by  chilled  wheel  makers  hardly 
amounted  to  10  per  cent,  of  the  total  weight  of  wheels  made. 

Whatever  differences  there  may  be  in  the  opinions  held  by  those 
eoncerned,  the  fact  seems  clear  that  the  quality  of  chilled  wheels 
made  and  used  since  1900  has  not  been  satisfactory.  In  ordinary 
cases  of  such  a  kind  it  might  answer  to  "  change  the  vogue,''  as  it 
were,  and  try  some  new  kind  of  a  mixture  for  chilled  wheels  that 
would  not  be  more  expensive  than  the  present  mixture,  and  would 
not  necessitate  the  small  change  in  price  that  would  have  to  be  made 
if  charcoal  iron  mixtures  were  used.  Considering  all  the  facts  in  the 
case,  and  the  very  serious  responsibilities  resting  on  all  concerned,  it 
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would  seem  to  be  wise  to  return,  at  least  for  the  time  being,  to  an 
order  of  practice  that  did  produce  satisfactory  results  in  the  past 

I  believe  the  future  of  the  chilled  wheel  depends  almost  entirely 
on  such  a  change ;  and  if  the  latter  is  to  receive  the  serious  conBid- 
eration  of  a  sufficient  number  of  railroad  officials,  charcoal  iroD 
makers,  and  car  wheel  manufacturers,  and  the  evidence  of  that  fact 
appears  to  a  sufficient  extent,  then  it  will  be  necessary  to  take  up  the 
technical  questions  involved  in  the  manufacture,  and  to  consider 
and  present  the  changes  that  should  be  made  in  such  manufacturing 
apparatus  and  practice  to  insure  the  desired  result. 
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Mileage  of  SS-in.  650-lb.  Special  Charcoal  Iron  Wheels  Under  L.  S.  ^ 
M.  S,  jR.  B.  Freight  Locomotives^  with  Reason  for  their  Removal. 


Mileage. 


55,379 

55,379 

55,379 

55,379 

55,379 

.>5,379 

55,379 

55,379 

58,073 

58,073 

58,073 

58,073 

49,235 

49,235 

48,511 

48,511 

69,221 

69,221 

69,221 

69,221 

54,995 

54,995 

61,000 

61,000 

47,767 

47,767 

82,733 

82,733 

59,669 

59,669 

47,649 

47,649 

47,649 

47,649 

67,145 

67,146 

67,146 

67,145 

67,145 

67,146 

44,729 

44,729 

66,809 

56,809 

56,809 

56,809 

50,602 

50,602 

34,378 

68,720 

55,161 

55,161 

39,860 

39,860 

39,860 

39,860 

66,391 


Cause. 


Shell  oat 

Shell  oat. , 

Shell  out , 

Shell  out 

Shell  out 

Shell  out 

Shell  oat 

Shell  out 

Sh&rp  flange. . 
Sharp  flange.. 
Sharp  flange.. 
Sharp  flange.. 
Worn  out.... 
Worn  oat.... 
Sharp  flange 
Sharp  flange. 
Worn  out.... 
Worn  oat.... 
Worn  out.... 
Worn  out.  .. 
Sharp  flange. 
Worn  out.... 

Good 

Sharp  flange. 

Good. 

Worn  out 

Worn  out 

Worn  out 

Worn  out 

Worn  out 

Good 

Good 

Worn  out 

Worn  out 

Sharp  flange. 
Sharp  flange. 
Sharp  flange. 

Worn  out 

Worn  out .... 
Worn  out.... 
Sharp  flange. 
Worn  out.... 

Good 

Worn  out.... 
Worn  out.... 

Worn  out 

I  Worn  out.... 

•Good 

:Slid 

Worn  out.... 
'  Sharp  flange. 

Worn  out 

Slid  flat 

SUd  flat 

ISUd  flat 

Slid  flat 

Worn  out 


Mileage. 

61,067 
61,057 
49,373 
49,373 
59,159 
59,159 
13,375 
13,375 
19,490 
19,490 
52,071 
52,071 
53,033 
53,083 
50,216 
50,216 
68,995 
68,995 
67,776 
67,776 
67,173 
67,173 
61,986 
61,986 
61,642 
61,642 
68,265 
68,255 
75,265 
75,265 
61,986 
61,986 
67,173 
67,173 
61,986 
61,986 
41,855 
41,855 
67,419 
67,149 
62,181 
62,181 
64,203 
64,203 
58,912 
48,912 
70,722 
70,722 
75,518 
72,297 
72,297 
85,933 
85,933 
83,431 
83,431 
80,486 
83,897 


Cause. 


Good t 

Slid ' 

Good 

Sharp  flange 

Worn  out 

Good 

Sharp  flange 

Good. 

Slid 

Sharp  flange 

Shell  out 

Worn  out 

Worn  out 

Worn  out 

Shell  out 

Shell  out 

Shell  out , 

Worn  out ' 

Shell  out 

Worn  out 

Shell  out 

Worn  out 

Sharp  flange 

Sharp  flange { 

Shell  out I 

Worn  out 

Shell  out I 

Worn  out 

Worn  out i 

Worn  out 

Sharp  flange 

Shell  out 

Worn  out 

Worn  out 

Sharp  flange i 

Shell  out I 

Good 

Worn  out ' 

Sharp  flange  .....< 

Worn  out 

Worn  out ' 

Worn  out 

Shell  out I 

Shell  out 

Shell  out 

Worn  out 

Worn  out.  

Worn  out 

Worn  out 

Worn  out 

Shell  out 

Worn  out 

Worn  out 

Worn  out 

Shell  out 

Worn  flat 

Worn  out 


Mileage. 

42,984 
42,984 
64,203 
64,203 
51,397 
51,397 
49,544 
49,544 
45,771 
45,771 
42,984 
42,984 
64,297 
54,297 
67,173 
67,173 
60,316 
60,316 
68,965 
68,955 
67,419 
67,419 
64,203 
64,203 
68,955 
68,956 
62, 181 
62,181 
48,887 
48,887 
42,984 
42,984 
59,369 
69,369 
69,372 
59,372 
61,322 
61,322 
61,322 
61,822 
61,322 
61,322 
48,867 
48,867 
48,867 
48,867 
117,455 
117,455 
112,258 
109,158 
113,217 
118,016 
103,273 
127,191 
127,191 
137,005 
137,405 


Cause. 


Slid 

Slid 

Worn  out 

Shell  out 

Worn  out 

Shell  out 

Worn  out 

Shell  out 

Sharp  flange. 
Worn  out.... 
Worn  out.... 

Good 

Shell  out 

Sharp  flange. 
Worn  out.... 
Worn  out.... 

Worn  out 

Worn  out.... 

Worn  out 

Worn  out.... 
Shell  out..... 

Shell  out 

Shell  out 

Shell  out 

Worn  out.... 
Worn  out.... 
Worn  out.... 

Shell  out 

Worn  out 

Sharp  flange. 

Slid 

Worn  out.... 

Good 

Shell  out 

Sharp  flange. 

Shell  out 

Sharp  flange. 
Sharp  flange. 
Sharp  flange. 
Worn  out.... 

Worn  out 

Shell  out 

Good 

Good 

Sharp  flange. 

Sharp  flange. 

I  Worn  out.... 

'  Worn  out.... 

!  Worn  out 

'  Worn  out 

Worn  flat 

Worn  flat 

Worn  out 

Worn  out 

Worn  out 

Worn  out 

Worn  flat.... 
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SS'in.  Wheels, — Continued. 


Mileage. 


66,391 
43,859 
43,869 
66,381 
66,391 
66,391 
66,391 
59,372 
59,372 
68,410 
58,410 
62,934 
62,934 
46,7/3 
46,723 
89,860 
39,860 
39,8(i0 
39,860 
64,263 
54,263 
59,372 
69,372 
59,372 
69,372 
77,709 
77,709 
77,709 
77,709 


Cause. 


Worn  out..... 

Good. 

Worn  out.... 
Worn  out.... 
Worn  out.... 

Shell  out 

Shell  out.... 
Sharp  flauge 
Worn  out.... 
Worn  out... 

Good 

Worn  out... 
Worn  out... 
Sharp  flange 

Good 

Slid 

Slid 

Slid 

Slid 

Good 

Worn  out... 

Good 

Good 

Sharp  flange 

Shell  out 

Shell  out 

Shell  out.... 
Sharp  flange 
Worn  out... 


Mileage. 

77,709 
77,709 
86,719 
86,719 
68,622 
68,«22 
80,726 
80,725 
80,726 
80,725 
85,822 
85,822 
93,158 
93, 158 
86,468 
82,807 
83,613 
83,613 
83,613 
83,613 
83,613 
83,613 
100,180 
100,180 
82,481 
82,481 
100,883 
100,883 
82,355 


Cause. 


Sharp  flange. 

Worn  out 

Worn  out,.... 
Sharp  flange. 

Worn  out 

Worn  out.... 
Worn  out.... 

Worn  out 

Worn  out.... 

Worn  out 

Worn  out.... 

Worn  out 

Shell  out 

Worn  flange. 
Worn  flat.... 

Shell  out 

Worn  flat 

Shell  out 

Worn  out 

Worn  flange. 
Worn  out.... 
Worn  flange.. 
Worn  out.... 
Worn  out.... 
Worn  out.... 

Worn  out 

Worn  out.... 
Worn  out.... 
Worn  out 


Mileage. 

82,355 

79,828 

86,285 

86,282 

91,821 

68,677 

67,802 

104,218 

110,160 

110,160 

96,405 

96,406 

93,700 

93,700 

103,576 

103,576 

98,901 

98,901 

110,183 

110,183 

107,600 

107,600 

110,827 

110,827 

121,867 

121,8  S7 

121,867 

121,857 


Caoae. 

Worn  out... 

Shell  out 

Worn  out... 
Worn  flange 
Worn  out... 

Worn  out 

Worn  out... 
Worn  out- 
worn out- 
worn out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Woniout... 
Worn  flat... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 
Worn  out... 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS. 
[SUBJECT  TO  BBYISION.] 


Valuation  of  Iron- Mines. 

Continued  disciuBion  of  the  paper  of  James  B.  Finlay,  presented  at  the  New  York  Meeting, 
Febmarj,  1913,  and  printed  in  BulUHn  No.  76,  March,  1913,  pp.  487  to  502 ;  see  also 
BullOin  No.  77,  May,  1913,  pp.  915  to  940. 

R.  B.  Brinsmadb,  Puebla,  Puebla,  Mexico  (communication  to  the 
Secretary*) : — As  I  have  previously  considered  the  general  equations 
for  mine-valuation/  I  will  here  discuss  only  that  part  of  Mr.  Finlay's 
paper  criticized  by  E.  E.  White,  along  with  some  of  the  general  prin- 
ciples of  mining  taxation,  under  the  following  six  topics : 

1.  Rate  of  interest  earned  by  sinking-fund. 

2.  Rate  of  interest  earned  by  investment. 

3.  Place  of  royalty  item  in  valuation. 

4.  Place  of  taxation  item  in  valuation. 

5.  Calculation  of  future  ore-prices. 

6.  Valuation  of  undeveloped  mining  land. 

1.  Rate  of  Interest  Earned  by  Sinking-Fund, — Mr.  Denny's  quoted 
opinion  of  a  3  per  cent,  rate  is  evidently  based  on  English  conditions 
before  the  Boer  war.  The  great  destruction  of  liquid  capital  by  the 
great  wars  and  catastrophes  since  1897,  along  with  the  flood  of  gold 
aiid  consequent  rise  in  the  average  index  of  commodity  prices,  has 
undoubtedly  increased  the  rate  of  interest  at  least  one-half  per  cent. 
In  the  United  States  sound  savings  banks  now  allow  4  per  cent,  on 
deposits,  while  safe  bonds  are  quoted  at  prices  which  yield  even  5 
per  cent  ' ! 

2.  Rate  of  Interest  Earned  by  Investment. — Gold-mines  with  uncertain 
and  scanty  ore  reserves,  the  objects  of  Mr.  Denny's  quoted  remarks, 
are  quite  different  from  iron,  copper,  or  coal  mines  with  definite 
mineral  reserves  blocked  out  ahead  by  drilling  or  driving.  While 
10  per  cent,  is  often  an  inadequate  yield  from  gold-mines,  the  latter 
class  of  mines  are  often  as  safe  as  city  real  estate  and  resemble  it  as 
an  investment  in  more  ways  than  one. 

City  real  estate  is  also  speculative,  for  a  shifting  of  the  favorite 
locality  for  wholesale  or  retail  trade  will  mean  a  corresponding 
change  in  the  value  of  any  included  building  lot.  Yet  5  per  cent. 
is  now  the  common  rate  used  by  agents  in  figuring  the  value  of  a 
city  business  lot  of  a  given  rental  yield.     The  investing  public  is  evi- 

*  Received  Aug.  2,  1913. 

I  Calculation  of  Mine-Values,  Ttwm,,  zxxir,  243  (1908). 
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2606  VALUATION    OF   IRON-MINKS. 

dently  satisfied  with  a  net  yield  around  5  per  cent  from  Michigan 
mines,  for  during  many  years  the  stock  of  the  Calumet  &  Hecla  Co. 
has  been  often  quoted  at  prices  to  yield  only  7  per  cent.,  and  this 
includes  the  necessary  sinking-fund  annuity. 

3.  Place  of  Royalty  Item  in  Valuation, — As  a  mining  royalty  is  equiva- 
lent economically  to  the  ground  rent  of  a  building  lot,  Mr.  White's 
idea  of  adding  the  royalty  to  the  mining  cost,  thus  subtracting  it 
from  the  profits  figure  used  to  reckon  valuation,  would  be  the  same 
as  exempting  the  land-value  of  the  mine  from  taxation. 

City  property  is  valued  for  taxation  by  capitalizing  the  total  rent, 
which  includes  both  ground  rent  and  the  hire  of  the  buildings  and 
improvement*;.  The  only  difference  for  mine-valuation  then  should 
be  the  subtraction  of  an  annuity  item  (to  atone  for  the  exhaustion  of 
the  mineral  land-value)  from  the  net  operating  profit  in  order  to  get 
the  sum  corresponding  to  the  total  rent  of  city  real  estate,  which  is 
capitalized  for  the  assessment  valuation. 

In  my  recent  discussion  *  of  Dr.  Raymond's  article  I  have  shown 
by  means  of  the  trinitarian  diagram  of  economics  that  rent  is  a 
residual  factor,  obtained  by  subtracting  wages  and  interest  from  the 
total  output,  and  therefore  cannot  under  ordinary  competitive  condi- 
tions enter  into  the  fixing  of  prices.  Mr.  White,  by  adding  the 
royalty,  or  land-rent,  item  to  the  mining  cost  is  thus  cherishing  the 
illusion  that  royalty  is  a  factor  necessarily  affecting  the  scale  of  prices 
of  his  competitors,  instead  of  being  merely  the  deduction  which  some 
fee  owners  are  able  to  make  from  the  net  operating  profit 

4.  FUice  of  Taxation  Item  in  Valuation. — Again  referring  to  practice 
in  city  real  estate,  we  find  that  the  current  taxes  are  deducted  from  the 
gross  total  rent  in  order  to  get  the  net  total  rent  used  as  the  basis  of 
valuation.  Mr,  White's  criticism  here  is  evidently  valid,  but,  owing 
to  the  varying  rates  of  ore  production,  I  believe  his  method,  of  adding 
the  tax  item  to  the  mining  cost,  is  less  practical  than  to  figure  the 
rate  of  taxation  in  the  equation  for  present  w^orth  of  $1,  as  sug- 
gested below% 

Let  V  =  value  or  present  worth  of  a  $1  dividend  to  be  assessed  by 

taxation. 
a  =  annuity  to  be  paid  to  sinking-fund, 
r  =  rate  of  interest  earned  on  sinking-fund. 
R  =  rate  of  interest  earned  on  investment, 
t  =  current  rate  of  taxation, 
n  =  number  of  years  dividend  is  to  be  earned. 

'  Oor  National  Besoarces  and  Our  Federal  Government,  BnUeUn  No.  77,  May,  1913,  p- 
971. 
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by  suggested  syatem  |1  =  (R  +  t)  V  +  a 

,  I  ^' 

Tom  algebra  a  =    —"    - 

itute  in  (A)  the  value  of  a  in  (B)  and 

ig  (C)  for  V  and 

V= ' 

nation  (D)  the  syatem  of  Mr.  Finlay  ^ves  ua  R  a 
BBumed  approximately  for  the  preliminary  calcnla 
I  preliminary  valuation  of  Michigan  has  been  mad 

can  be  calculated  directly  from  the  necessary  bui 
ict  figure  for  t  it  ia  easy  to  get  the  correct  figu 
ng  equation  (D)  a  second  time. 
teulation  of  Future  Ore-Prices. — Mr.  White  seem 
ily  worried  over  Mr.  Finlay's  assumed  future  l 

for  iron-ore.  Ae  Mr.  Finlay  hints  on  p.  75  of 
there  ia  no  reason  why  mining  property  ehoul 

annually  by  hia  Byatem,  a»  is  everywhere  the  A 
ordinary  real  estate.     Any  erroneous  assumption 

ore  or  coat  of  mining  will  thus  only  affect  taxa 
year.  Another  advantage  of  annual  re-assessmei 
th  the  ore  sold  and  the  ore  discovered  in  the  pi 
s  reckoned  in  the  revaluation. 
Uualion  af  Undeoeloped  Mining  Land, — On  p.  12  o\ 
Hr.  Finlay  says  of  undeveloped  mining  land  that 
il  can  be  made."  Here  I  differ,  for  a  definite  ap 
i  if  speculation  and  the  hamstringing  of  develo 
luraged.  The  most  practical  method  of  apprwsal 
sesflment,"  under  which  the  land-owner  sets  hie 
i  safeguard  of  the  State's  right  to  purchase  durioj 
j»>ed  value.    A  similar  plan  has  been  suggested  by 


Buataining  of  Mr.  Finlay's  general  scheme  of  mi 
Michigan  conrts  marks  such  an  advance  in  the  eq 
mines  as  did  the  Ford  franchise-tax  law  of  New 

■i»al  c^ ilidngan  Mining  Propertiet,  hj  State  Bosrd  of  T&zstioD  {'. 
MDciplM  of  Miae  Tai&tion,  Engineering  and  Miinng  Jmimcd,  v 
ct.28,  1911). 
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taxation  of  public  utilities.  The  fact  that  State  assessing  officials 
have  usually  been  either  incompetent  or  corrupt  accounts  for  the  pre- 
vious under-assessment  of  mines  and  public  utilities  as  compared  with 
farms  and  homes. 

The  present  trend  in  such  progressive  and  democratic  countries  as 
Great  Britain,  Germany,  and  the  self-governing  British  colonies  is 
toward  placing  the  entire  cost  of  government  on  land-value  owners, 
because  they  are  the  only  class  who  financially  benefit  from  govern- 
ment activity,  since  they  absorb  the  individually  unearned  increment 
from  natural  resources.  The  reform  is  best  effected  practically  by 
gradually  exempting  true  capital  (buildings,  improvements,  etc) 
from  taxation  and  correspondingly  increasing  the  tax  rate  on  land 
values.  This  new  system  is  explained  generally  by  T.  G.  Shearman 
in  Natural  Taxation  and  for  mining  by  an  article*  I  published  in 
1909. 

The  increase  in  the  valuation  of  Michigan  mines  may  be  unfortu- 
nate for  any  operators  who,  disregarding  the  advancing  democratiza- 
tion of  taxation,  were  unwise  enough  to  take  long  leases  on  a  fixed 
royalty  with  the  proviso  that  the  lessee  should  pay  all  taxes,  but  even 
these  may  console  themselves  with  the  thought  that  Michigan  im- 
provements are  not  yet  exempt  from  taxation. 

By  Mr.  Finlay's  system,  the  mine  whose  ore  is  produced  at  a  loss 
is  valued  at  nothing,  even  though  its  surface  equipment  may  have 
cost  a  large  sum,  as  in  the  case  of  many  of  the  Michigan  copper- 
mines.  This  system  is  indeed  beneficial  to  producers,  for  improved 
mines  are  thus  exempt  from  taxation  until  they  become  profitable; 
but  is  it  not  most  discordant  with  the  accepted  theory  of  the  general 
property  tax  ?  On  the  same  principle,  should  not  unprofitable  build- 
ings or  machinery  in  other  industries,  such  as  manufacturing  or  com 
merce,  be  also  called  worthless  and  exempt  from  taxation?  What  a 
fortunate  occurrence,  if  the  controversy  over  Mr.  Finlay's  valuations 
results  in  a  public  exposure  of  the  absurdity  of  the  general  propertj- 
tax  system  for  a  community  of  democratic  producers ! 

^  Natural  Taxation  of  Timber  and  Mining  Land,  Mining  Warldf  vol.  xxxi,  No.  21,  p. 
1023  (Nov.  20,  1909). 
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The  Sulphide  Ores  of  Copper.     Some  Results  of  Microscopic 

Study. 

DiBciusion  of  the  paper  of  L.  C.  Graton  and  Joseph  Murdoch,  presented  at  the  New  York 
Meeting,  February,  1913,  and  printed  in  BtUleHn  No.  77,  May,  1913,  pp.  741  to  797. 

Thomas  T.  Kbad,  New  York,  N.  T.  (communication  to  the  Secre- 
tary *) : — At  the  meetings  of  English  technical  societies  it  not  infre- 
quently happens  that,  during  the  discussion  of  a  paper,  someone  will 
arise  to  say  that  although  he  highly  appreciated  the  material  pre- 
sented, nevertheless  he  believed  it  would  have  been  better  if  some 
other  phase  of  the  question  had  been  more  highly  emphasized.  As- 
suming that  this  form  of  discussion  is  permissible  in  the  Institute,  I 
should  like  to  reiterate  the  point  made  by  Prof.  A.  J.  Moses  that 
conclusive  proof  of  the  identity  of  the  minerals  in  question  is  an  essen- 
tial feature  of  the  study  of  ores  in  this  way.  This  is  also  expressed 
by  Paul  Krusch  in  his  recent  valuable  paper  ^  on  the  sulphide  ores 
(in  which  he  arrives  at  conclusions  diametrically  opposed  to  those  of 
Mr.  Graton),  as  follows :  "  The  diagnostic  properties  of  the  various 
ore  minerals  are  known  to  but  a  limited  circle  of  investigators." 
Many  earlier  investigators  began  the  study  of  ores  beneath  the  micro- 
scope by  reflected  light,  but  discontinued  their  work,  in  most  cases, 
because  they  were  unwilling  to  undertake  the  great  amount  of.  pre- 
liminary work  necessary  to  securely  establish  a  basis  for  their  infer- 
ences. It  is  evident  that  Messrs.  Graton  and  Murdoch  realize  that 
the  promised  later  paper  on  diagnostic  characters  will  be  the  more 
important  of  the  two,  but  the  point  should  be  emphasized  to  forestall 
a  flood  of  literature  from  other  investigators  who  may  gain  the  im- 
pression that  the  brief  survey  of  polished  specimens  is  a  vade  mecum 
to  incontrovertible  conclusions  as  to  any  given  ore  deposit. 

On  p.  750  of  this  paper  the  statement  is  made  that  the  great  volume 
of  laboratory  study  has  prevented  a  corresponding  study  of  the  literar 
ture  of  the  subject.  This  doutless  serves  to  explain  the  footnote  on 
p.  780,  where  only  the  recent  paper  by  A.  C.  Spencer  is  cited  as  cor- 
roborating the  view  that  secondary  enrichment  is  essentially  a  process 
of  oxidation.     In  the  TVansactions  for  1906  *  I  stated  the  following 

*  Received  Sept.  25,  19ia 

1  Mining  and  SeierUiJie Press,  vol.  cvii,  No.  11,  pp.  418  to  423  (Sept.  13,  1913). 

*  2Vaiw.,  XXX vii,  302  (1906). 
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conclusion  from  a  chemical  study  of  enrichment.  *'  It  is  clear,  then, 
that  oxidation  alone  is  sufficient  to  produce  the  enriched  sulphides 
occurring  in  the  zone  of  secondary  enrichment."  The  fact  that  the 
chemical  work  on  which  this  conclusion  was  based  was  somewhat 
faulty  does  not  detract  from  the  soundness  of  the  conclusion,  and  it 
is  the  more  gratifying  to  find  it  substantiated  by  other  methods  of 
work.  While  believing  that  oxidation  has  been  more  important 
than  reduction  in  the  formation  of  the  rich  secondary  sulphides,  it  is 
probable  that  the  latter  is  at  times  important.  The  distinction 
Krusch  and  others  make  between  oxidation  and  cementation  ores 
may  at  times  be  of  service,  though  in  others  it  is  unquestionably  a 
source  of  added  confusion,  unless  the  term  cementation  is  strictly 
defined.  The  appearance  of  two  such  important  papers  in  quick 
succession  is  pleasing  evidence  that  the  study  of  these  important  and 
puzzling  ores  is  being  followed  with  unabated  vigor. 


BULLETIN,  A,  I  M.  E.  -  ADVERTISING  SECTION. 

New  Sullivan  Air  Compressor 
"WJ-3"  Angle-Compound 

If  you  wish  to 
get  the  most  act- 
ual compressed 
air,  with  power 
drive,  at  least 
cost  for  power, 
maintenance, 
care  and  atten- 
tion, floor  space 
and  founda- 
tions, investi- 
gate 

SnUiTaD 


sons  for  the  high  overall  efiiciency  of  this  new  design  include: 

Balancing  of  reciprocating  forces,  thus  avoiding  power  waste 
by  vibration  and  friction. 

Flexible  Drive  : — pulleys  of  just  the  right  size  may  be  se- 
lected, and  the  drive  may  be  from  either  end  of  the  com- 
pressor. A  motor  may  be  set  directly  on  the  crank  shaft, 
with  minimum  changes  in  the  compressor. 

Compactness;  (4)  Simphdty ;  (5)  "Sullivan"  practice  in 
valve-motion,  intercooling  and  construction ;  (6)  Auto- 
matic lubrication. 

Send  for  BulUHn  8 $8-5. 


J  Cutters 


Fans 


Diamond  Drills 
Hammer  Drills 


Uhran  Machinery  Co., 

122  So.  Michigan  Avenue 
CHICAGO 
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W.  &  L.  E.  QURLEY 

TROY,   N.  Y. 

LARGEST   HANUFACTURBRS    IN    AMERICA 

or 

Field  Instruments  for  Mming  and  Civil  Engineers 


mmkan  of  ACCURATE  THEKMOMBTBRS 

PHV3ICAL  AND  SCIENHPIC  LABORATORY  APPARAIVS 
STANDARD  WEiatfTS  AND  MEA5URBS 

■RANCH  rACTORY,  No.  sn  MARITIME  BUILDIHO,  ■BATTLB,  WABB. 
Send  for  Owlajr's  Maiuul 
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The  Cost  Of  Air 


The  cost  of  compressed  air  is 
a  complex  item.  The  raw 
material  —  free  air  —  costs 
nothing.  Bat  the  produc- 
tion costs  in  transiorming 
free  air  to  compressed  air 
are  large  or  small — accord- 
ing to  the  refinement  of  the 
tool  used,  which  is  the  air 
compressor. 

As  with  all  production  ma- 
chines, the  power  demanded 
by  an  air  compressor  is  one 
cost  item.  Another  is  the 
up-keep  of  the  compressor. 
Another  is  the  waste  of  raw 
material  which  occurs  in  the 
machine.  Another  is  the 
cost  of  labor  for  operating 
the  machine. 

The  losses  of  power  in  an  air 
compressor  are  heat  losses 
and  friction  losses.  Inger- 
soU-Rand  Compressors  min- 
imize heat  losses  by  the  per- 
fection of  the  cooling  devices 
employed  — jacketing  and 
intercooling.  They  minim- 
ize friction  losses  by  the 
large  size  of  their  bearings, 
by  their  rigid  construction 
assuring  proper  alignment, 
and  by  their  unequaled 
automatic  lubricating  sys- 
tems. 


Up-keep  cost  involves  quality 
of  materials,  proportions  of 
parts,  wearing-out  power 
(friction)  and  lubrication. 
Ingersoll-Rand  Compressor  ; 
materials  are  the  jresult  of . 
special  formulas,  specifica- 
tions and  treatments  to  as- 
sure utmost  strength.  The 
parts  are  proportioned  to 
give  utmost  rigidity.  And 
wearing-out  power  is  min- 
imized by  the  exception- 
ally larse  bearings  ana  gen- 
erous lubrication  already 
referred  to. 

Waste  of   air — which   means 
waste  of  power — is  brought 
down  to  the  limit  in  Inger-  . 
soU-Rand    Compressors    by 
the  splendid  workmanship  | 
and  tne  superior  valve  de-  ! 
si^ns    which     combine    to  | 
mmimize  leakage  lossses.        « 

And  the  labor  item  is  cut 
down  to  the  lowest  figure  by 
Ingersoll-Rand  automatic 
lubrication  systems  and  ' 
automatic  control  and  regu- 
lation. 

As  a  result  of  all  which,  the 
cost  of   compressed    air  is 
lower,    with    an    Ingersoll- 
Rand  Compressor,  than  with  ^ 
any  other. 


NEW  YORK  INGERSOLL-RAND  CO.  "'"'»•' 


COMPRESSORS 


Offiotts  th«  World  Ovor 


ROCK  DRILLS 


STOPERS 

C-61 


fc 
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TK  SLWAM  V  THE  CMEMII—"  CHMIHCT£» :   THE  9MMDiST  TMIM  " 

:AMER0N  PUMP5 

"THE  BEST  PUMPS  WE 
EVER  HAD  IN  SERVICE" 

"Please  go  ahead  and  make  the  No.  12,  size  18x12x30, 
!ameron  Pump,  a  duplicate  of  the  last  one.  Permit  us 
)  say  that  we  had  several  of  your  pumps  in  service 
uring  the  drownout  here  in  one  of  our  mines,  and  must 
iy  they  are  the  best  pumps  we  ever  had  in  service" — 
rites  the  President  of  a  large  Mining  Co. 

This  strong  endorsement  brings  out  the  vital  point 
lat  we  have  repeatedly  emphasized  to  you — that  the 
!ameron  Pump,  because  of  its  extreme  simplicity  and 
Jgg^<^  construction  does  stand  up  to  service  which 
'ould  quickly  wreck  the  ordinary  pump. 

~  imp  of  the  highest 

;  it's  just  the  pump 
t  of  yours. 


Learn  wliat  ttae 
Cameron  Fump 
can  do  for  yout 
'Write  now  for 
Bnlletin   No.  5. 


^  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 
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Star  Portable  Drilung  Machines 


KQCirrSB  FOB  STBtH.  6A8  OB  RUKTBICtl.  rOWBK. 

For  Watn  Wells — Oil  and  Ga*  Wells — Minenl  Prospecting — Rtilroad  and  Cuid 
EiovatioDS — Cement  and  Crashed  Stone  Quarries — Bridge  Soundinp — Cod 
Hiae  VeotilUtion— Iirigation,  Etc.  Write  Tor  llloslraied  Cktsdog. 

THE  STAR  DRILLIHG  MACHINE  COMPANY, 
6«B«ral ORms :  AkroB,Ohlo.    BranchOnce:  2  Rector  St., Naw York Ctty. 

/erki :  Akron,  Ohio.— Cfaaoutc,  Kuiaaa.— Portland,  Oregon.— Loos  Bcacb,  Cal. 
(S) 
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l/ESTON  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERV!C£ 

KM  hutnmiats  are  <rf  the  same  tUadtrd  tpuHity  ud  pouen 
e  tame  features  of  dnrabOitr  aad  workmantfaip  u  tlib  wdl- 
nwa  Weiton  standard  D.  C.  iiutmmenU.  They  are.  lo  low 
price  as  to  be  within  the  reach  of  all  nseri  of  electrical 


Weston  A.  C.  instiuments 

Dead  Beat 

Extremely  Senntire 

Practically  Independent  of 

Ware  Form  and  Tenqieratnre 

Error,  and  reqnire  Tery  Litde 

Power  to  i^ente 


OR  D.  C.  CIRCUITS  OF  SMALL         SwttdiBoud  A. C 
MINE  PLANTS  hMtrmuat 

teTON  Eclipse  Ammeters,  Miluammeters 
AND  Voltmeters 

re  well  suited.  Ther  are  of  the  "  soft-iron  "  or  Electro- 
noetic  type,  remarkably  accurate,  well  made,  nicdr 
tushed,  and  especially  low  in  price.  Weston  Eclipse  in- 
Tuments  are  far  in  advance  of  all  preceding  forms  of  the 
ift-iron  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavcrly  Park,  Newark,  N.  J.,  U.  S.  A. 

•wVorkOfrio*:    114  Libdly  Street. 

indon  Brmnoh  ;  Andrejt  House,  Ely  Place,  Holbom. 

>r)a,  Frans* :  E.  H.  Cidiot,  la  Rue  Sl  Geotges. 

•rlln  ;  Enn^teaa  Wotoo  InstmiiMnt  Co.,  Ltd.,  Schoneberg,  Genest  Str.,  5. 
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EFFR] 

STANDARD 

Jl  Bearing 
Motors 

>r  Heavy 
ine  Servia 

PcMnti  of  Vantage  over  other  Motmv : 

ature  Never  on  Pole  Pieces.  Least  MaintenaDce  on  Armature, 

iouous  Service.  Better  Commutation, 

daintenance  Charge  for  Bearings.     Less  Lubrication  Necessary. 
Perceptible  Wear.  Less  Wear  on  Gears. 

Writa  for  our  Vew  Xiae  LMomotiYe  Catal<^  Vo.  117. 

FFREY  MFG.  COMPANY,  Columbiu,  Ohio 

fork  ]>«tiir«r  BL  LouU  Cbleuo 

iMoD,  W.Va.  Ptttabnifb  aeveUnd  PhlliidalpbU 


\  Tempered  Steel  Jaw  Plate 
for  Blake  Type  Crushers 

The"Adamanti  ne"Tem- 
pered  Steel  Jaw  Plate  for 
Blake  CrusfaeiB  is  com- 
posed  of   Forged    and 
Rolled    Cbrome     Steel 
Bare  J  cast  welded  and 
also  mechanically    in- 
AdunantiDe  "  Tempered  Steel  Jaw  Plate       terlocked  into  a  backing 
>f  tough  steel — and  the  wearing  face  ia  tempered  to  extreme 
lardness.    This  plate  will  give  longer  service  and  prove  more 
economical  than  any  other  make  of  crusher  plate  now  on  the 
narkeL    We  are  equipped  to  supply  these  plates  for  all  the 
different  sizes  and  makes  of  Blake  Crushers. 

<8eNd  for  Descriptive  Pamphtet. 
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UNIVERSAL  DANGER  SIGNAL 


color   iGbame   thli   algatS    doci    away 
with  tha  DKCHlty  sf  printlui  alcoBli 
Id  diReraat  laacuagaa  far  pDa-Eorllah 
-ac.    explained 
nrlly  it  la  Id. 


t  iBBcuagaa  fi 
■pcaklBi   wnplorar-      " 

delibly  Inpreaaad  i 


heat,  and  Eaaruitacil  to 
underrroDBd  mloe  go  adit 
>vlB(  from  eaa  cwnp,  alat 

iy  th"si,"al.'  ""''   "" 

Sketches  and  prices  for  any 


J.  W.  STONEHOUSE,  907-909  Eighteenth  Street, 
DENVER,  COLORADO. 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  tbe  TraHiactioiu  of  the  American  Instihtte  of  Mining  Enfinem 

VOLUMES  I  to  XXXV— 1871  to  1904 

TOO  pagaa,  S  by  9  inoh*«. 

■aynri  In  eloth M-OO 

Bound  In  holf<m«PO«eo, SO-00 

VOLUMES   XXXVI  to  XL— IMS  to  1909 
1B6    pogoo,  6   by  O  inohoo. 

Bound  In  oloth $1.60 

Bound  In  h«lf.ni«r«««o S2-S0 

T«k«ii  together  these  two  infleieB  furnUh  in  convenient  torm  for  n$dj 
reference  everything  of  importance  oonlained  in  the  TVannttimw,  and  gira 
lo  both  member  knd  noo-member,  whether  poeMning  a  eet  of  the  ZVoMoctiimi 
or  not,  the  m«ana  of  ucertaiDing  at  a  minimum  expenditure  of  time  and 
trouble  the  exact  oontenti  of  the  Tolnmea  on  an;  given  rabjeet  of  tpeciil 

Sent,  prepaid,  on  receipt  of  price  b^ 

The  Anmican  Institute  of  Mining  Engineerit 

29  WMt  39tli  SiToot,  Now  Y«^ 
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PENNSYLVANIA  CRUSHER  CO. 


PHILADELPHIA 

Stephen  oirard  Bid's 

■linn  lor  Bjr-Prodact 
:,  Koch,  Oyptum,  Sh*lc, 

of  Mbsr  IBBMrlBlB. 

Coal  CrutblDKaad 
Zoal  CIcaaIng  PIbdIi. 

HAMMKK  CBII8HKBB  , 
COAL 


fUMCILB 

BOtX  CRtiflHEIS 

PBLIBATKK 

COIL  TIE8TBB 


EER,  SONDHEIMER  &  CO. 


Frankfort -on 
fEW   YORK   OFFICE 


-Main,  Oormany 
-        -        42   BBOADWAT 


Ziac  Otm.  Cubooates,  Solphidet  and  Mixed  Ores,  Copper  Ore*, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Orel,  AntimoDj 
Oret,  Iran  and  Hanganeic  Oca,  Copper,  Spelter,  Antiotonjr,  Anti- 
■ooial  Lead,  Sulphate  of  Cc^iper,  Araeiiic,  Zinc  Dum. 

Own  Smeltlnir  and  Beflnlng  Works 


L  V0GEL5TEIN  &  CO. 

tt  BiMdwkr  NEW  YO. 

BUYERS,  SMELTERS 
AND  REHNERS  OF 

pes  and  Blatals  of  All  Classaa 

Hlncb  ft  Bohn,  Halbentadt,  QcTtBanr. 

•A  Btala  If  Mali  RcBnlnf  Co^  Chrome,  N.  J.  and  QraaMlli,  Ii 
icaa  Zlac.  L«d  *  BmBldni  Co.,  Caney  and  ~ 
I  Ziac  Co.,  Lia  Harpe, 


Bactralrtlc  RcflDlni  ft  Stailtlai 


DearlDf ,  Kaow*. 
•t  Auatralla,  Ltd.,  Port  Kambla, 


ICURACY  IN  MEASUREMENTc 

la  baat  obtalnad  tfaroncb  tha  naa  si 

EASURING  TAPES 

a  noco  aavar*  ttaa  taat,  the  batter  their  ahowlDg, 
T  aala  br  aU  daalara.    Baad  for  Cataloiua. 


A  DIRECTORY  OF  MINING  AND 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  Wisconsin. 

MINING  MACHINERY  of  Every  Type.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis- Chalmers,  Liaiited, 
Toronto,  Ont. 


ANSON  G.  BEHS 

NEW 

Troy,  N.  Y. 

Electrolytic    Lead    Refining;      Zinc    Recoveiy   &am 

PROCESSES 

Complex  Ores;      Laboratories  for  Metallnigical  Re- 

search. 

WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  CO. 

New  Yerk.  St.  Louis.  Seattls. 

PAOTORIKS  :    ST.   LOVIS  AND  SCATTLC. 

Manufacturers  of  •<  YELLOW  STRAND  "  and  other 
High  Grade  Wire  Rope ;  also  AERIAL  WIRE  ROPE 
TRAMWAYS. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 
COMPRESSORS 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 

MOTORTRUCKS 


CHICAGO  PNEUMATIC  TOOL  CO. 

Chloago.  New  York.  London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES, 
MOTOR  TRUCKS. 


CHROME  STEEL  WORKS 

Chrome,  N.  J. 

Adamantine  Chrome  Steel  SHOES  and  DIES  for 
Stamp  MUls.  CANDA  SELP-LOCKING  CAMS; 
TAPPETS;  BOSSHEADS;  CAMSHAFTS;  STAMP 
STEMS. 
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ETALLURGICAL  EQUIPMENT 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Colo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIERS,  Maffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


A88AYER8 

AND 

CHEMISTS 

SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

Donvar,  Colo.        El  Paao,  Tax.        Now  York  City. 
Salt  Ljika  City,  Utah.  San  Franolaoo,  Cal. 

MANUFACTURERS  OF  WAUGH  DRILLS. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


EDISON  STORAGE  BAHERY  CO. 

OrangOf  N.  J. 

Manufacturers  of  the  EDISON  8TORAQB  BATTERY 
for  Mine  Haulage.    Write  for  descriptive  buUotin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Sohonootady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.    ELECTRIC 
MOTORS  for  Operating  Mining 


ELECTRIC 
MINE 


LOCOMOTIVCS 


GOODMAN  MANUFACTURING  CO. 

Chloago,  llllnola. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTmC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  fi.  F.  GOODRICH  CO. 

Akron,  Ohio. 

"Longlife"  **  Masecon"  A  «K}rainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


(13) 
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A  DIRECTORY  OF  MINING  AND 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


HARBISON- WALKER  REFRACTORIES  CO. 

Pittsburgh,  P«nna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  tht 
Open  Hearth,  Electrical  Fumacea,  Copper  Smeltinf 
plants,  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


HARDINGE 

BALL 
AND 

PEBBLE 
MILLS 


HARDINGE  CONICAL  MILL  CO. 

N«w  York,  N.  Y. 

Manufacturers  of  the    HARDINQB    BALL  and 
PEBBLE    MILLS  for  fine  and  granular  crushing. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

P«ru,  III. 

Manufacturers  of   SPELTER,    SHEET    ZINC  and 
SULPHURIC   ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Naw  Yark. 

**Retum- Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
««Blectric-Air"  Drills,  Coal  Punchers,. Pneumatic  Tods, 
••CaljTx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

Columbus,  Ohio. 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Fans,  Hoists, 
Pumps,  etc. 


LEAD  LINED  IRON  PIPE  CO. 

Wakafiald,  Maaa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES— for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


(H) 


ETALLURGICAL  EQUIPMENT 


A.  LESCHEN  &  SONS  ROPE  CO. 


iv  scraiKm  M  TBAU 


8t.  L»uls,   M«.      Dwfir     SuFnadie* 

Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramwasrs  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MASHEK  ENGINEERING  GO. 

90  West  St.,  N«w  York. 

Complete  plant  equipments  4,  8,  x6  and  35  tons  of  9  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.  Com- 
plete  plants  designed  and  erected. 


BRIQUCTTINQ 
MACHINERY 


OTIS  ELEVATOR  COMPANY 

El«v»nth  Av«.  and  Twenty- Sixth  St.,  N«w  York. 

OPPICCS  IN  ALL  PRINCIPAL  CITICS  OP  THB  WOMLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele* 
vators — lor  all  kinds  of  power; — ^including  Furnace 
Hoists,  Incline  Railwasrs,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PENNSYLVANIA  CRUSHER  CO. 


New  York 

50  Church  Street 


PltUbunrh 


Machesney  Bld'g 


PhlladolphIa 

Stephen  Glrard  Bld*a 

Complete  Coal  Crushing  and  Coal  Cleaning  Plants; 
Crushing  Machinery  for  By- Product  Coking  Plants; 
Crushers  and  Pulverisers  for  Coal,  Cement,  Rock,  Lime- 
stone, Gypsum,  and  a  multitude  of  other  materials. 


HAMMER 
CRUSHERS 

BRADFORD 
COALCLCANERf 

PULVERIZERS 

SINGLE  ROLL 
CRUSHERS 

DELAMATER 
COAL  TESTER 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  Now  York. 

Messiter  ORB  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Sundard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 


ROBINS 
BELT 


CONVEYORS 


JOHN  A.  ROEBLING'S  SONS  CO. 

Tronton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 
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A   DIRECTORY   OP    MINING    AND 
METALLURGICAL    EQUIPMENT 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Conn«rsviilo,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
for  Catalogue. 


DRILLING 


MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

Gsn^ral  Offices:  Akrsn,  O. 
Branch  Office  :  2  Rector  St.,  New  York  City. 

Wtrin:  AkN^ 


Manufacturers  of  PortaUe  Well  DriUing  Machinery, 
traction  or  non- traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electrical  Power. 


SIGNS 

FOR 
MINES 


THE  STONEHOUSE  li^MINE  SIGNAL  CO. 

Denver,  Celerade. 

Maaulacturers  of  signs  for  mines.  Our  **  Universal 
Danger  Signals  "  prevent  accidents  and  save  lives.  No 
mine  should  he  without  them.  They  wear  a  lifetime. 
Special  signs  made. 


ROCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  M1ehl«an  Ave.,  Chloago,  III. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


lAIR  LOCOMOTIVES 
IREAm  HACHUniT 
M»AL-WAfllBIIG  PLANTS! 
CON  VETiNG  MACHINERY 
CRUSHING  MACHINERT 
GASOLINELOCOMOnVES 
HOlSnNGANDHAUUNG 


STEAM  LOCOMOTIVES 
VENTIUTING  FANS 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinety,  etc 
Nicholson  Device  for  Preventkin  of  Overwinding. 


AMMETERS 

AND 

VOLTMETERS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 
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A  NEW  VOLUME 

EMMONS'  ORE-DEPOSITS 

A  eonlimtaiim  <if  lie  "Poipn^"  Volvme 
nprieing  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
ir  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

Ooniento, 

EsiaofCerMlnOie-DepcelM.   Bj  S.  r.  Ehmom. 
clnnd  RelatloiuotOre-DcpoBlti.   Br  B.  r.  Ehhom*. 

ogtcBlDMribnClonottheUwmiUatKlainthgUnlMdSIMeB.  BfS.  r.EHKOm.  DlacDi- 
iloD.  by  John  A.  Chubch.  Abthuk  Wihbuiw,  8.  T.  Emhohh,  and  WiLUJdi  HiuaTOH 

lODftl  TbeocT  of  JoIdU.    By  OionoE  F.  BIckib.    Dlacuulon  br  H.  H.  HoVI.  R,  W.  RiY- 

ioin>,  C.  R.  BoTD.  uid  Okoiioe  F.  Bkcker. 

tniplun  of  Gold.    By  ElHKT  Louu. 

■rflelal  Alieiatfon  of  Om-Depodta.    By  R.  A.F.  Penkosi,  Jb. 

e  MliiM  of  RoaiUuidgUfer  Cliff,  Colondo.    By  8.  F.  Ehhonb. 

sta  of  C«nsiD  Aurlftrotu  Lodei.   By  John  r.  Don.    Dlicaraloi],  by  Josiru  LiCohte,  8. 

7.  Ehhoh*,  O.  F.  Beckkk,  Abtbdb  Wuolov,  W.  P,  BlaKI,  and  J.  B.  DON. 

leuce  of  Coaatiy  Rock  on  Uinenl  Veins.    By  Wiltib  Hxbtbt  Wbid. 

«□!  Rock>  and  CIrcalatiiiK  W>Un  u  Faclon  in  Oi«-Dep(»lUan.    By  J.  F.  Eshp. 

ddentlon  of  Ignsoui  Bocks  aod  Their  B^^re8*tloii  or  DiBbrentUlloD  u  Reltted  to  the 

SccurrenceofOrei.   By  J.  S.  Bphrh,    IHaeusrioii,  by  A.  N.  Wihchelu 

mlHry  of  Oro-DepoalUtHi.    By  Waltkr  P.  Jimhit.    Dlnciuilon,  by  Junx  A.  Chukch- 

Depodti  D«ar  IgDeotu  Conueta.    By  Wiltib  Rartiy  Wezd.     Dlicaulaii,  by  W.  L. 

Deposition  and  Veln-Enrlcbment  by  Auendiog  Hot  Walen.  ByWi.LTiB  Hastit  Wbed. 
dtle  Zones  u  Ouldes  to  Oce-DepodU  In  the  Cripple  Creek  Dlatilcl,  Colondo.    By  E.  A. 

oslcel  Fealuree  of  the  Oold-Productlon  of  North  AmeiJok.    By  w.  Ijindokim.   DImui- 

rton,  by  W.  O,  Mn-i-ik,  and  W.  L.  Au«ns. 

obU  u  a  Factor  in  Oie-Formatloii.    By  Ualbibt  Poitibs  Oillbttb. 

D«poalI*of  Sadbury.ODlarlo.    Sy  Chablbs  W.  Dicksoh. 

seiaofcbeCopper-DepoaiMofClinon-HorencI,  Arlioiut.    By  W.  Lindgrbh. 

per-t>«poeiU  at  San  Jon,  Tamaulipai.  Ueiloo.    By  3.  F.  Kemp. 

inatlcOriKlnofVeln.Formlns  Walenln9oulheBa<emAiaakL    By  A.  C.  Bpbncbr. 

Btlc  Relatlonioftbe  Wertern  NeTada'.Orea.   By  J.  E.  8fcbb. 

tlie  Qtuirti  Veliu  ot  Silver  I^k.  Nevada,  the  Beenlt  of  Hicmatic  Segresatlonl   Bjr  J.  B. 

irrence  of  Btibnite  at  Steamboat  Spriogi,  Nevada.    By  W.  Lihimibin. 
imary  of  LAfee  Bnperior  Geology  with  Special  Referenoe  to  Recent  Stadlea  of  the  Iron- 
Bearing  Serie*.    By  C.  K.  Leith. 

logical  Belatloni  ot  the  Scandinavian  Iron.Or«a.    By  H.  fiJdORBH. 

nation  and  Earlohment of  Ore-BearlDg Veins.  (With  Bnpplementaiy  Paper.}  ByOBOBSB 
J.  Bakchoft. 

rlbuClon  of  the  Eleinenta  in  Igneona  Bocke,    By  H.  B.  Waehinqtdh. 

ncy  of  Mangamae  in  the  Bnperfleial  Altsntion  and  Secondary  Enrichment  of  Oold-De- 
podia  of  the  United  Htslea.    By  W.  E.  KuMOHa. 

lography  of  the  Bdenee  ot  Ore-DepodU.   By  J.  D.  Ibving,  B.>D.  Smith,  and  H.  Q.  Fbb- 

"he  volume  contains  also  a  Biognphicsl  Notice  of  Dr.  Emmons  by  hia  uso- 
«  Bud  friend,  Dr.  Qeorge  F.  Becker,  and  a  comprehenBlve  Biographical  Index 
(he  Science  of  Ore-Depodla,  prepared  b;  Prof.  John  D.  Irving,  of  the  Sheffield 
antific  School  of  Yale  Dniverntj. 

Price,  bound  in  cloth,  $5;  In  half  morocco,  $6. 

V  York,  N.  Y. 
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PROFESSIONAL  CARDS 


ALDRIDGE.  WALTER  H. 

Conaultlnr  Mlnlnff  ftnd 
MetAUurfTcal  Bnsineer 

14  WaU  Street  NBW  TO&X 


ARM8TEAD,  Henry  Howell 

ContttKiRi  ERgiRMr 

29  Broadway 

NEW  YORK 

Apartado  63,  Ou&mtjuato,  Mexico 


BEATTY,  A.  CHESTER 

Consulting  Mining  Englnssr, 
71  Bioadway, 

NEW  YORK,  N.  Y. 

Cable  Addren: 

Granitic. 


BREWER.  WM.  M. 


?.  0.  Box  701.  VIOTOBXA,  B.  0. 

Coniifccted  with  the  Tyee  Copper  Co.,  Ltd. 


COULDREY,  PAUL  8. 

Mlilng  Engliaor 

General  Mining  Soperinte&dent 
Cbbso  db  Pabco  Miniico  Co. 

CERRO  do  PASCO,  PERU 
SOUTH  AMERICA 


GARZA-ALDAPE,  J.  M. 

Mining  aad  Metallnrgloal  Enginssr 

Reports  on  Mexican  Mineb 

Address  :  Calle  de  Rodrigues  No.  5 
(P.  O.  Box  No.  226) 

T0RRe6n--C0AHUILA— MEXICO 


HAMMOND*  JOHN  HAYS. 

CoBsnltlng  Engineer, 


71  Broadway, 
Code  I  BUhtdUttM^tlL 


NEW  YORK. 


BURCH,  H.  KENYON 

Meehanleal  and  Metallarrteal  Eartaeer 
Care  laiifaalieB  fianMaNd  Ceppcr  Ce. 

MIAMI,  GILA  coinnr.  AUZONA 

Deelamer  and  Builder  of 
Power.  Holatlna,  Pamplnc* 
CrueliliMr  and  HffHIIni'  PlanU. 

c^^t.ui..  Concentration  of  Ores. 
Specialties  Economic  Handling  of  Materials. 


HANK87  ABBOT  A. 

Chenist  and  Assayer 

Esubllshed  x866 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

190  Btenneito  8L    Ssn  Franolsoo,  Cal. 


CHANNIN6,  J.  PARKE 


Consulting  Engineorp 


4a  BaOADWAT, 


NEW  YORK. 


HARDMAN,  JOHN  E. 

Consolting  Mining  Engineer, 

Room  601,  Royal  Trust  Building, 

MONTREAL.  CANADA. 
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HOYLE,  CHARLES 

MiRini  EngiMer, 

Apartado  8,  EI  Oro, 

E8TAD0  DE  MEXICO,  MEXICO. 


KLEPETKO,  FRANK 


HoWAaO  POILLON 


C.  H.  POIRIBB 


POILLON  &  POIRIER 


Miiiig  EnginMrt 


63  Wall  Street 


NEW  YORK  CITY 


CoMPttliig  Eagiieer 
Mtaing  and  Metallprgy 


80  Maiden  Lanb 


NEW  YORK 


RAYMOND,  R08SITER  W. 

Mining  Engineer  and  Metalinrglst 

29  West  Thirty-Ninth  Street 


NEW  YORK 


LEDOUX  &  COMPANY 
Astayert  and  Saniplart 

99  John  Street,  NEW  YORK 

Independent  Sampling  Works 
New  York  and  Jersey  Citj 

Bepresentatiyes  at  all  refineries  and 
smelteiB  on  Atlantic  seaboard 


LOWE.  HENRY  P. 

Coatulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 


Bedford  McNeUl  Code,  **  Lows,  Dsntxr." 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRiDGE,  COLORADO 
Cikk:  ** Dredger" 
(Mi:  Bedford-MoNeii 


RICHARDS,  ROBERT  H. 

Ore  DreeHng 

llAM«cba««tt»  Inatltute  of  Technology 

BOSTON,  MASS. 


RIORDAN,  D.  M. 

OonsulHng  JBngineer, 

Mininf  Investigations  especially  carefully 
made  for  responsible  intending  investors. 

CHy  Invtttlng  Udg.,  WB  Broaeway,  New  York. 


MYERS,  DESAIX  B. 

Mining  Engineer 

321  Stoiy  Building        LOB  AV0ELB8 


RATES 


FOR  PROFESSIONAL  CARDS 
QUOTED  ON  APPLICATION. 


RICKETTS  &  BANKS^ 

80  Maiden  Lane,  New  York, 

Mining,  Metaliurgioal  and 

Clieniioai  Engineers, 

Examination  of  Properties.  Testing  of  Ores 
for  Best  Process  of  Treatment.  Consultation 
in  Mining,  Metallurgical  and  Milling  Practice. 
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PROFESSIONAL  CARDS 

SPILSBURY,  E.  GYBBON, ' 

PORTER  W.  SHIMER  &  SON 

OonmaUng,  CMl,  Kminir 
and  Metallvrgloal  Engineer, 

45  Broadway,              NEW  YORK. 

Gable  Addion:  **apUro9/*  New  Torh. 

Metallirgioal  Chenlttt 

ESTABLISMBD  1885 

WW,  ■iirili,  cmI  tmi  etk»,  rmtat,  water,  «lc 
C0!f8lJLTATI0!f 

iNYiSTieATioif     EA8T0N,  PENN'A 

8YMME8,  WHITMAN 

These  Professional  Cards 

Mliiiil  EifliMr 

represent  Consulting,  Clyil, 

General  Superintendent 

Mexican  Mine,  etc. 

Mining    and    Metallurgical 
Engineers,    Geologists,    As- 

ViR6iNIA  CITY,  NEVADA 

sayers  and  Chemists. 

PROPOSALS  FOR  MEMBERSHIP,    a  blank  proposal  for  mem 

bership  is  included  in  each 

Year  Book  and  Bulletin.  In  the  event  of  not  being  able  to  secure  such  a 
one,  applications  for  membership  can  be  made  out  on  any  blank  piece  of 
paper,  provided  they  include  the  class  to  which  the  candidate  is  proposed, 
whether  member,  associate  or  junior  member ;  the  signature  of  three  mem- 
bers or  associates  (junior  members  must  also  have  the  endorsement  of 
two  of  their  instructors);  a  brief  history  of  the  candidate,  including  date 
and  place  of  birth,  his  education  and  technical  record,  and  finally  a  signed 
statement  by  the  applicant  that  he  desires  to  become  a  member. 
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AMERICAN  INSTITUTE  OF  MINING  ENGINI 
29  Wtst  39tli  Sticei,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


•ebj/  proposed  by  the  undersigned,  as  a-_ 


American  Institute  of  Mining  Engineers. 


tfbiHh. _^_„^ _^_  Year  of  bit 

tion,  general  and  technical,  when,,  where  and  how 
with  degrees,  if  any. 


Record  of  ejoperienoe.  Briefly,  the  pdst  and  present  employment, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
names  of  companies,  etc,  should  be  written  without  aibrevioMons.) 


Dates 


Present  position 


JSi^na^ure, 


Dated. 
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EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

Sec.  1.  The  membersblp  of  the  Inslitute  shall  comprise  four  classes,  namely :  1.  MembeiB ;  2.  Hon- 
orary Members ;  8.  Associates ;  4.  Junior  Members.  *  *  * 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  for  membeishlp  in  the  Institute,  naxnely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  pencHia 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  AsKXslates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  IHrectora 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  hare  not  taken  their 
degrees  and  who  are  nominated  by  at  least  two  of  th«.ir  instructors.  *  *  * 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membership, 
scribed  In  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 
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1,275,000 

TONS   OF  ORE 

GROUND    IN   ONE  TEST 

THIS  TEST  IS  FULLY  EXPLAINED  IN  A  PAPER  BY  MR.  R. 
FflANKE,  PRESENTED  TO  THE  A.  I.  M.  E.  AT  BUTTE.  WE 
WOULD  BE  GLAD  TO  SEND  YOU  A  COPY. 

HARDINGE   CONICAL   MILL   CO. 

60  CHURCH    STREET 
NEW  YORK 


SalM  AganU  for  Montana,  Navada,  Idaho,  UUh— MIn*  4l  Smtfttor 

Supply  Co.,  Salt  Laka  City,  Utah. 

Colorado,  Wyoming,  N.  Maxlea,  So.  Dakota — Hondria   iL   BelthnH 

Mfg.  &  Supply  Co.,  Donvar.'Cele. 


Announcement 

A  MONG  the  many  actions  for  the  general  good  which 
members  of  the  Institute  can  perform,  the  securing 
of  desirable  new  members  is  the  most  important.  Every 
society  derives  its  strength  from  its  unity  of  purpose  and 
personnel.  The  Institute  should  include  in  its  membership 
every  man  whose  work  in  mining,  metallurgy,  or  related 
fields,  qualifies  him  to  become  a  member,  and  the  more 
nearly  it  attains  this  ideal  the  greater  its  influence  will  be. 
At  present  many  such  men  are  not  members  and  this  com- 
mittee has  been  formed  to  remedy,  if  possible,  this  defect. 
The  most  effective  work  can  be  done  by  individual  mem- 
bers, rather  than  by  committees.  Each  member  knows 
some  man  who  is  qualified  to  become  a  member  of  the 
Institute  but  has  never  joined.  Send  him  the  attached 
|)roposal  blank,  with  a  cordial  invitation  to  apply  for  mem- 
bership. 

Committee  on  Increase  of  Membership. 

Adolphb  £.  BoRiE,  C^uiman. 
Thobcas  T.  Bead,  Secretary,  Woolwortfa  Bldg.,  New  York,  N.  Y. 

Vice'C%aMrmien. 


JoHiT  H.  Allen, 
RiCHAJtD  M.  Atwatkr,  Jr., 
Geobob  D.  Barron, 
A.  Chebter  Beatty, 
J.  Parke  Channino, 


GbOROE   M.   COLVOCORBBSfia, 
BOBURT   PeELE, 

Charleb  p.  Perin, 
Joseph  A.  Van  Mater, 
Arthur  L.  Walker. 


D.  0.  Bard, 

W.  de  L.  Benedict, 
John  C.  Bianner, 
Palmer  Outer, 
Allan  J.  Clark, 
C.  B.  Coming, 
F.  Crabtree, 
George  G.  Crawford, 
O.  C.  Dayidson, 

E.  V.  lyinviUiers, 
Jamee  S.  Douglas, 
Walter  Douglas, 
Howard  N.  Eavenson, 
Howard  Eckfeldt, 


B.  C.  Gemmell, 

F.  Looifl  Grammer, 
Ernest  A.  Hersam, 
Edwin  C.  Holden, 
William  L.  Honnold, 
Reginald  E.  Hore, 
Tedashiro  Inoaje, 

C.  Coloock  Jones, 
Eugene  P.  Kennedy, 
Chester  F.  Lee, 
Richard  S.  McCafferj, 
James  F.  McClelland, 
Milton  H.  McLean, 
Philip  N.  Moore, 


T.  H.  CBrien, 
James  J.  Ormsbee. 
Edward  W.  Parker, 
John  B.  Porter, 
F.  Danvers  Power, 
R.  M.  Raymond, 
Robert  H.  Richards, 
LeRoy  Salsich, 
Henry  Lloyd  Smyth, 
F.  W.  Traphagen, 
Elton  W^  Walker. 
Cho  Yang, 
Morrison  B.  Young. 
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»  W«it  39tli  Strtel,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


(NmmalnFull) 

UioTi— - 


^y  proposed  hy  the  undersigned,  ets  a_ 


ImeHcan  Institute  of  Mining  Engineers. 


_TearofbiHh^ 


on,  general  and  tech/iieal,  wJien,  where  and  fiow  acf/aii 
with  degrees,  if  any. 


Record  of  experience.  Briefly,  the  past  and  present  employmeni, 
with  names  of  employers,  com,panies  and  associates,  (Propernames, 
names  of  companies,  etc,  should  be  written  without  dbbreviaMons.) 


Present  position. 


JSignatur^ 


Dated. 
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EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

Sec'.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely:  1.  Members;  2.  Hoi 
orary  Members ;  8.  Associates ;  4.  Junior  Members.  *  *  * 

Sec,  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Inatltnte,  nAmdy  s 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  pcrscJ 
actiyely  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Aasociates,  a 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Directs 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  haire  not  taken  tk« 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  *  *  • 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  propoeed  for  electic 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membenhip,  as  ptj 
scribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 


No.  83 


narvara  uouege  Liibrary 

Aug.   14,   19j6. 

Bequest  of 

Brasmus  Darwin  IjBavtU^ 

BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS. 


NOVEMBER 


1913 


PUBLISHED  MONTHLY 

BY  THB  AMBRICAN  INSTITUTB  OP  MINING  BNQINBBR8 
at  U4  to  is8  N.  Seventh  St.,  Philadelphia,  Pa. 

Guy  R.  Overend,  Publication  Manager. 

Editorial  Office,  sg  West  39th  St.,  New  York,  N.  Y. 

Bradley  Stoughton,  Editor. 

Cable  addrese, '*  Aime,"  Western  Union  Telesraph  Code. 

Subscription  (including  pottage),  $10  per  annum;  to  member*  of  the  Institute,  public  libraries, 
educational  institutions  and  technical  societies,  $5  per  annum.  Single  copies  (including  postage), 
$1  each ;  to  members  of  the  Institute,  public  libraries,  etc.,  50  cents  each. 


»  : 
I 


I     ■      - 


I 


'    I 


Entered  as  second  class  matter,  October  x6,  191Z,  at  the  post  office  at 
Philadelphia,  Pa.,  under  the  Act  of  March  3, 1879. 


NOMINATIONS  FOR  OFFICERS. 

In  accordance  with  the  Constitution,  Article  VII.,  the  following  nomi- 
nations have  been  prepared  by  the  Nominating  Committee,  submitted  to 
the  Board  of  Directors  at  its  October  meeting,  and  are  hereby  published 
for  the  information  of  the  members. 


For  Director  and  President : 

For  Directors  and  Vice-Presidents 

For  Directors : 


Benjamin  B.  Thayer,  District   0 

Herbert  C.  Hoover,  District  6 
W.  L.  Saunders,        District    0 

Reginald  W.  Brock,  District  11 
Charles  W.  Merrill,  District  6 
Albert  R.  Ledoux,  District  0 
Henry  L.  Smyth,  District  1 
D.  C.  Jackling,  District    7 

The  Constitution  further  provides  that  "  Any  complete  or  partial  ticket 
of  Tiominees  signed  by  any  twenty-five  Members  or  Associates  of  the  Insti- 
tute and  transmitted  to  the  Secretary  by  December  15  shall  also  be  printed 
skixd  circulated  with  the  official  ticket  and  over  the  names  and  with  the 
jrecommendations  of  the  nominators,  together  with  an  expression  of  opin- 
of  the  Board  thereon  if  deemed  expedient. 
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ii  MOKTHLT  BULLKTIK,  No.  83,  NOVEMBER,  1913. 

NEW  BOOKS  ON  MINING,  METALLURGY,  GEOLOGY,  ETC. 

We  call  the  attention  of  our  members  to  a  change  in  the  Library  An- 
nouncements, with  the  object  of  keeping  the  members  currently  informed 
of  new  books  on  subiects  in  which  they  are  interested.  The  Library  is 
glad  to  furnish  members  at  any  time  with  a  list  of  the  best  reference  or 
text  books  on  particular  subjects,  and  we  again  remind  all  members  of  the 
research  work  of  the  Library  in  providing  indexes,  abstracts,  translations, 
and  other  data  on  special  subjects. 


LAST  CALL  FOR  DUES. 

The  attention  of  members  is  called  to  Article  III.  of  the  Constitution, 
which  provides  that  unless  dues  are  paid  by  or  before  the  first  day  of  May 
of  each  year,  the  Bulletin  shall  no  longer  be  sent  to  the  member  in  arrears. 
As  members  are  frequently  absent  in  the  field,  and  do  not  receive  their 
notices  from  this  office,  they  are  reminded  at  this  early  date  that  any 
future  inconvenience  may  be  spared  them. 

Members  are  also  reminded  that  the  provisions  of  the  new  Constitution, 
whereby  a  man  ceases  to  have  the  privileges  of  membership  when  be  is  in 
arrears  of  dues  for  one  year,  become  operative  on  Jan.  1,  1914.  This 
provision  will  be  strictly  enforced. 


BOARD  OF  DIRECTORS. 

Meeting,  Oct,  £4,  191S, — The  sum  of  $1,250  was  directed  to  be  sent  to  the 
International  Engineering  Congress,  1915,  in  accordance  with  the  terms 
of  the  Institute's  guarantee. 

It  was  voted  to  request  the  several  Technical  Committees  to  recommend 
names  of  their  members  as  sub-chairmen  and  members  of  sub-committees 
to  co-operate  with  the  Bureau  of  Mines. 

The  Finance  Committee  was  empowered  to  send  all  members  in  arrears 
a  notice  that  the  provisions  of  the  Constitution,  by  which  they  cease  to 
hold  the  privileges  of  membership  if  their  dues  are  not  paid  by  Jan.  1, 
1914,  become  operative  on  that  date,  unless  the  Directors  vote  to  extend 
the  time  in  each  individual  case. 

The  report  of  the  Nominating  Committee,  printed  on  page  i,  was  accepted. 

It  was  voted  that  a  notice  to  be  prepared  by  the  Committee  on  IncreaBe 
of  Membership  and  an  application  blank  for  membership  be  printed  in 
the  front  of  each  Bulletin, 

The  report  of  the  Comm.ittee  on  Patent  Law  Legislation  was  adopted 
and  the  Committee  discharged. 

The  Budget  of  the  Chairman  and  the  Secretary-Treasurer  of  the  Colo- 
rado Local  Section  for  the  balance  of  the  present  calendar  year  was 
accepted  and  an  appropriation  of  $47.75  made  to  them. 

Upon  the  nomination  of  two  members  of  the  Committee  on  Honorary 
Members,  backed  by  13  members  of  the  Institute  wl^o  are  not  membere  of 
the  Board  of  Directors,  Dr.  Frank  Dawson  Adams,  of  Canada,  was  unani- 
mously elected  an  Honorary  Member  of  the  Institute. 

Upon  the  nomination  of  two  members  of  the  Committee  on  Honorary 
Members,  backed  by  11  members  of  the  Institute  who  are  not  members  of 
the  Board  of  Directors,  Mr.  Ezequiel  Ordonez,  of  Mexico,  was  unanimously 
elected  an  Honorary  Member  of  the  Institute. 
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EMMONS  VOLUME  ON  ORE-DEPOSITS. 

A  eoinimuaiMm  of  the  "  Posepny  "  Volume. 

* 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their  *    ; 

origin,  edited,  wiui  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volume 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  bv  his  associate  and 
friend,  Dr.  George  P.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  preparea  by  Prof.  John  D.  Irving,  of  the 
SheflBeld  Scientific  School  of  Yale  University.  Dr.  Emmons  had  finished 
his  editorial  work  and  written  his  Introduction  before  his  lamented  death 
in  1910 ;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  as  ; 

the  foremost  authority.  "  - 

Contents.  ,        ,  * 

Geneete  of  Certain  Ore-Deposits.    By  S.  F.  Emmoms.  ..      -; 

Strnctnial  Relations  of  Ore-Deposits.    By  S.  F.  Emmons.  .  • , 

Geol<«ical  Distribution  of  the  Usefol  Metals  In  the  United  States.    By  S.  F.  Emmons.     Discussion,  by 

John  A.  Chubch,  Arthur  Winslow,  S.  F.  Emmons,  and  William  HuaLTON  Merritt. 
Torsional  Theory  of  Joints.  By  Georgb  F.  Bicker.  Discussion,  by  H.  M.  Howb,  B.  W.  Raymond,  C.  R.  / 

BoTD,  and  Gsorgb  F.  Bxckbr.  '•      ^  ^. 

Allotroplsm  of  Gold.    By  Henry  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 
Some  Mines  of  Roslta  and  Silver  Cliff,  Colorado.    By  S.  F.  Emmons. 
Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discussion,  by  Joseph  Le  Conte,  S.  F.  Emmons, 

6.  F.  Becker,  Arthur  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 
Influence  of  Country-Rock  on  Mineral  Veins.   By  Walter  Harvey  Weed. 
Igneous  Rocks  and  Circulating  Waters  as  Factors  In  Ore-Deposition.    By  J.  F.  Kemp. 
Consideration  of  Igneous  Rocks  and  Their  Segregation  or  Differentiation  as  Related  to  the  Occurrence 

of  Ores.    By  J.  E.  Spurr.    Discussion,  by  A.  N.  Winchell.  '  • 

Chemistry  of  Ore-Deposition.    By  Walter  P.  Jenney.   DlBCusslon,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  Walter  Harvey  Weed.    Discussion,  by  W.  L.  Austin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.    By  Walter  Harvey  Weed.  , 

Basaltic  Zones  as  Guides  to  Oie-Deposits  in  the  Cripple  Creek  District,  Colorado.    By  E.  A.  Stevens. 
Geological  Features  of  the  Gold-Production  of  North  America.    By  W.  Lindorbn.    Discuasion,  by  W. 

O.  Miller  and  W.  L.  Austin. 
Osmosis  as  a  Factor  in  Ore-Formation.    By  Halbert  Powers  Gillette.  I 

Ore-Deposits  of  Sudbury,  Ontario.    By  Charles  W.  Dickson.  ' 

Genesis  of  the  Copper-Deposits  of  Clifton-Morend,  Arizona.    By  W.  Lindorbn.  T  * 

Copper-Deposits  at  San  Jose,  Tamaullpas,  Mexico.    By  J.  F.  Kemp. 
Magmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spbncer. 
Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  £.  Spurr. 

Are  the  Quarts  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation  T    By  J.  B.  Hastings  .  ' 

Oocorrence  ol  Stlbnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindorbn.  .  • 

Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron-Bearing 

Series.   By  C.  K.  Lbith. 
Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  8j(Vorbn. 
Formation  and  Enrichment  of  Ore-Bearing  Veins.    (With  Supplementary  Paper.)     By  Gborge  J.  .    '  ^ 

Bancboft. 
Distribution  of  the  Elements  In  Igneous  Rocks.    By  H.  S.  Washington.  '      "  !       ' 

Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of  •.*-*' 

the  United  States.    By  W.  H.  Emmons. 
Cognate  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Irving,  H.  D.  Smith,  and  H.  G.  Ferguson. 

The  volume  contains  1002  pages.     Price,  bound  in  cloth,  $5 ;  in  half  ^ 

morocco,  $6.  Both  the  Emmons  and  the  Posepny  Volumes  on  Ore- 
Deposits,  bound  in  cloth,  $8;  in  half  morocco,  $10. 
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iv  Monthly  Bulletin,  No.  83,  November,  1913. 

THE  INSTITUTE  FORUM. 

Ma'ps  and  Mining  Data  for  the  Library. 

I  suggest  that  the  Institute  Library  can  increase  its  usefubiess  by  sys- 
tematically soliciting  from  the  engineers  and  mining  companies  all  pab- 
lished  reports  and  maps,  and  parts  of  reports  and  records,  not  of  a  private 
or  confidential  nature.  If  this  is  done  an  engineer  assigned  to  report  on 
a  well-known  property  or  district  may  depend  on  finding  at  the  library  a 
large  amount  of  preliminary  data  and  general  information  from  these  offi- 
cial and  engineering  reports  relating  to  his  prospective  investigation. 

In  many  mining  reports  a  large  part  of  the  report  is  of  a  general  tech- 
nical and  scientific  character,  and  there  could  be  no  good  objection  on  the 
part  of  either  the  engineer  or  his  client  to  making  such  information  thus 
of  record.  I  believe  there  would  be  a  great  deal  of  information  furnished 
by  the  engineers  if  they  were  properly  solicited  under  this  plan. 

I  have  found  on  different  occasions  that  much  work  could  be  saved  bv 
such  records  now  in  the  Library. 

The  plan  would  also  have  the  advantage  of  keeping  the  Library  in  closer 
touch  with  the  active  engineers,  a  feature  to  be  desired. 

I  also  have  in  mind  that  the  Library  should  undertake  to  collect  all  the 
prospectuses  and  financial  literature  which  is  issued  in  connection  with 
mining.  Of  course  a  great  deal  of  this  is  unreliable,  but  even  this  is  valu- 
able for  record  in  the  matter  of  legal  and  other  investigations. 

I  shall  be  glad  to  co-operate  with  you,  and  do  anything  I  can  to  develop 
more  in  detail  the  general  ideas  above  noted. 

Yours  very  truly, 

KiRBY   I^OMAS. 

Note. — The  Library  of  the  Institute  makes  a  specialty  of  collecting  and 
filing  material  of  this  character,  and  the  letter  printed  above  is  brought  to 
the  attention  of  members  in  the  hope  that  they  will  co-operate  by  sending 
in  copies  of  maps,  reports  of  properties,  etc. 

Descriptive  Names  for  Methods  and  Processes. 

I  suggest  that  the  Editing  Committee  make  an  attempt  to  restrict  the 
growing  practice  of  calling  methods  and  processes  after  their  author  or 
inventor. 

The  principle  of  the  process  usually  has  a  simpler  name  than  the 
author,  and  ttiis  name  has  the  further  advantage  of  conveying  informa- 
tion as  to  the  process  itself. 

Out  of  a  large  number  of  examples  I  have  selected  a  few  which  I  hope 
will  make  my  meaning  clear : 

The  Leyner  cut  becomes  the  center  cut,  or  the  square  cut. 

The  Anaconda  set  becomes  the  side-pressure  set. 

The  MacArthur-Forrest  process  becomes  the  cyanide  process. 

The  Diehl  process  becomes  the  bromo-cyanide  process. 

The  Clancy  process  becomes  the  electro-cyanamid  process. 

The  Ilgnier  set  becomes  the  fly-wheel  motor- generator  set. 

The  Ward-Leonard  control  becomes  the  variable-voltage  control. 

If  we  can  simplify  and  increase  efficiency  of  thought  by  concerted  action, 
the  industry  will  be  an  immediate  gainer  thereby. 

Yours  truly, 

William  R.  Chedbey. 


Ambrioan  Institutb  of  MiNiNe  Enoinkbrs. 


PERSONAL. 

(Members  are  urged  to  send  in  for  this  colamn  any  notes  of 


interest  oonceming  themselves  or  their  fellow-members.)  •  ^ 

Members  and  visitors  who  registered  at  Institute  headquarters  during  .  ; 

October : 

A.  Adiassewich,  St  Petersburg,  Bussia.  Charles  W.  Merrill,  San  Frandsco,  Cal.                           •    '    \ 

A.  F.  Lucas,  Washington,  D.  C.  Carl  J.  Trauerman,  Butte,  Mont 

Allan  J.  Clark,  Lead,  &  D.  Herbert  B.  Cos,  Boston,  Mass.                                                     < 

Prof.    Loewinson- Leasing,    St     Petera-  James  W.  Malcolmaon,  Kansas  City,  Mo.                  '  •      '       . 

bui^,  Russia.  A.    E.    Sunderhauf,    Paramaribo,    Dutch 

F.MauryGille8pie,Abangarez,  Costa  Rica.  Guiana,  S.  A.                                                                               ! 

M.  Gardner    Talcott,  Irvington-on-Hud-  D.  W.  Brunton,  Denver,  Colo.                                                     j 

8on,  N.  Y.  A.  P.  Watt,  Newark,  N.  J. 

Dwight  E.  Woodbridge,  Duluth,  Minn.  S.  A.  Taylor,  Pittsburg,  Pa. 

Aleunder  Pyfe,  Boston,  Mass.  Ralph  Wilcox,  Miami,  Ariz. 

Robert  A.  Seip,  Wilkes-Barre,  Pa.  William  J.  Cox,  Denver,  Colo. 

A.  J.  Eveland,  Boston,  Mass.  E.  P.  Roaa,  Duquesne,  Pa.                                                            \ 

M.  P.  Sayre,  Brewster,  N.  Y.  H.  Mortimer- Lamb,  Montreal,  Canada. 

Albert  Sauveur,  Cambridge,  Mass.  P.  L.  Grammer,  Leesburg,  Ya.                                              «      \ 

Robert  H.  Leach,  Brockton,  Mass.  R.  R.  Moore,  Mexico  City,  Mex.                                               .•; 

Steinar  Poslie,  Kristiania,  Norway.  Charles    E.  van    Bameveld,  San   Fraii^ 

William  A.  Wong,  Honolulu,  Hawaii.  cisco,  Cal. 

p 
I  ■ 

John  T.  Reid  has  been  appointed  Consulting  Engineer  and  General  '       "    ; 

Manager  of  the  Buffalo  Valley  Gold  Mining  &  Leasing  Co.'s  mines  at 
Volney,  Nev. 

C.  M.  Weld,  A.  B.,  S.  M.,  has  opened  an  office  at  66  Broadway, 
New  York,  N.  Y.,and  is  prepared  to  undertake  geological  and  engineering  I 

examinations  of  mines  and  mineral  properties,  with  a  view  to  their  ex-  ,  I 

ploration,  valuation,  development,  equipment,  or  economical  management  | 

and  operation. 

C,  M.  Eye  has  been  appointed  Superintendent  for  the  Imperial  Reduc- 
tion Co.,  at  Ogilby,  Cal.  ,  j 

R.  N.  Dickman,  mining  engineer,  now  engaged  upon  the  examination 
of  gypsum  and  coal  properties  in  Western  Canada,  has  become  associated 
with  Robert  W.  Hunt  ck  Co.,  in  the  United  States,  and  with  Robert  W.  i 

Hunt  &  Co.,  Ltd.,  in  Canada.  '  ^    '    \ 

S.  B.  Patterson,  Jr.,  has  been  appointed  Mine  Superintendent  for  the 
Spanish-American  Iron  Co.,  at  Felton,  Cuba.  ^ 

Orvil  R.  Whitaker  is  Consulting  Engineer  for  the  Canadian  Agency,     .  '  •    ' 

Ltd.,  of  New  York,  which  has  recently  acquired  the  Bonanza  mine  in 
Nicaragua.  .  '■ 

E.  P.  Ross  has  accepted  a  position  with  the  Carnegie  Steel  Co.,  at  the  ; 

Edgar  Thomson  works. 

Prof.  Charles  E.  van  Barneveld,  who  is  in  charge  of  the  Mining  and  -  : 

Metallurgical  Exhibit  of  the  Panama-Pacific  Exposition,  will  be  in  the  "  .      ■ 

East  during  the  coming  month  on  business  for  the  Exposition.     His  head-  '  ; 

quarters  will  be  at  the  Members'  Room  of  the  Institute,  where  he  may  be  " .  ' 

addressed.  -    ' 

Stanley  Graham  has  been  appointed  Professor  of  Mining  Engineering 
in  the  Nova  Scotia  Technical  College  at  Halifax. 

Ralph  H.  Sweetser,  President  of  the  Thomas  Iron  Co.,  Easton,  Pa.,  • 

has  been  elected  President  of  the  Ironton  railroad,  a  subsidiary  of  the  .  j 

Thomas  Iron  Co.  '.  j 

R.  E.  Smith  has  recently  been  appointed  Chief  Technical  Assistant  to  j 

the  General  Manager  of  the  Lena  Goldfields,  Ltd.,  Bodaibo,  Siberia. 
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Charles  £.  Hulick  has  been  appointed  Superintendent  of  the  Thomas 
Iron  Co.'s  furnaces  at  Hokendauqua. 

A.  E.  Borie  has  resigned  as  Vice-President  of  the  Taylor- Wharton  Iron 
<fe  Steel  Co.,  and  has  been  elected  Chairman  of  the  Board  of  Directors. 

W.  L.  Kluttz  has  accepted  a  position  as  Vice-President  and  General 
Manager  of  the  Central  Iron  &  Coal  Co.,  Tuscaloosa,  Ala. 

W.  C.  McKee  resigned  his  position  as  Superintendent  of  Blast  Fur- 
naces of  the  Inland  Steel  Co.,  Indiana  Harbor,  Ind.,  to  become  General 
Superintendent  of  the  Thomas  Iron  Co.'s  blast-furnace  plants  at  Hoken- 
dauqua. Hellertown,  Alburtis,  and  Island  Park,  Pa.,  with  headquarters  at 
Hokenaauqua. 


POSITIONS  VACANT. 

(Under  this  heading  will  he  pahlished  notes  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons. ) 

Position  in  sales  department  is  open  for  a  mining  engineer  with  experi- 
ence in  mine  ventilation  and  possessing  some  knowledge  of  fan  design; 
one  competent  to  lay  out  ventilating  systems  to  meet  various  conditions. 
No.  2. 

A  large  company  manufacturing  mining  machinery  has  an  opening  in 
one  of  its  Western  agencies  for  a  young  mechanical  engineer  who  has  had 
some  experience  in  designing  along  general  machine  shop  lines,  and  who 
is  familiar  with  cost  systems.    No.  3. 

A  large  university  desires  to  secure  a  prominent  metallurgist  for  a  vacant 
professorship  in  metallurgy.    No.  4. 

Opening  at  a  mine  in  New  Jersey  for  a  technical  graduate  to  begin  work 
as  chainman  on  the  surveying  squad.  Salary  $50  per  month  to  start.  No.  5. 


ENGINEERS  AVAILABLE. 

(Under  this  heading  will  he  pahlished  notes  sent  to  the 
Secretary  of  the  Institnte  hy  memhers  or  other  persons. ) 

Member,  graduate  of  College  of  Mines  of  University  of  California,  with 
12  years*  operating  experience  in  mining  and  milling  in  California,  Can- 
ada, and  Mexico,  is  open  for  engagement.   Speaks  Spanish  fluently.  No.  17. 

Mining  engineer  and  metallurgist  open  for  engagement  Jan.  1  as  super- 
intendent of  mines  or  constructing  engineer.  Technically  educated,  with 
14  years'  experience  in  United  States  and  Ijatin  America  in  concentration, 
amalgamation,  cyaniding,  constructing.  At  present  building  large  modern 
all-sliming  cyanide  mill  in  Central  America.    No.  18. 

Member,  mining  and  metallurgical  engineer,  is  open  to  engagement 
Specialty,  the  treatment  of  copper  ores.  Nine  years'  experience  in  the 
operation  and  also  in  the  design  and  erection  of  copper  smelteries.  Four 
years  true  pyrite  smelting.  Able  to  organize  the  administration,  account- 
ing, etc.,  of  a  large  plant.  Speaks  a  fair  amount  of  Spanish,  Russian, 
German,  and  French.  Qualified  to  take  charge  of  a  large  smeltery,  or  to 
act  as  assistant  to  manager  of  a  combined  mining  and  smelting  concern. 
No.  19. 

Graduate  of  Pennsylvania  State  College,  30  years  old,  with  experience 
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I  Bmelting,  copper  mmiog  and  smelting,  assaying,  i 
ting,  gola  milting  and  cyaniding,  also  as  professor  o 
g  for  an  opening.     No.  20. 

iber,  technical  graduate,  33  years  old,  11  years'  expe 
tallurgist,  and  superintendent  of  lixiviatioa  plant  c 
iiction  of  cyanide  mill,  is  open  for  engagement.    S 

iuate  of  Colnmbia  School  of  Mines,  with  several  yei 

;  (including  cyaniding)  experience,  desires  position 

:)f  consulting  engineer.     Salary  moderate.     No.  22. 

iber,  with  technical  education,  desires  position  as  r 

ddle  West  of  a  machinery  or  electrical  supply  houst 

iber,  graduate  mining   engineer,  with   experience 

aing  engineer  and  as  mine  manager,  is  open  for  engaj 

iber,  lately  with  the  Bishop  Creek  Milling  Co.,  C( 

•or  engagement  as  mine  superintendent  or  superim 

on  of  mine  and  mill  structures.     No,  25. 

i-blow  converter  operator,  with   several   years'  ex[ 

g  of  steel  castings,  is  open  for  engagement.     No.  26. 

aber,  42  years  of  age,  with  25  years'  experience  a 

;er  of  mines,  will  be  open  for  engagement  Dec.  1. 

ing.     Has  handled  large  and  small  operations.     No. 

ober,  graduate  engineer,  age  35,  with  15  years'  prac 

ning  and  railroad  work,  at  present  assielant  man 

;er  of  a  large  mining  company,  is  desirous  of  locatin 

ichools  for  his  children.     No.  28. 

aber,  technical  graduate,  with  10  years'  experience  i 

xico,  two  years  in  talc  mining  and  one  year  in  iroi 

i  States,  is  open  for  engagement.     No.  29. 

ineer,  aged  30  years,  with  10  years'  experience  in  coal  mining  and 

uction  work,  is  open  for  engagement.     Familiar  with  mine  surveys 

)al  estimates.     No.  30. 

nber,  graduate  of  McGill  University  in  mechanical  engineering,  with 

irs'  experience  in  mining  mica,  gold,  silver  and  copper  in  Ontario 

:ie  West,  and  in  hydrauficking  in  Alaska,  is  open  for  engagement. 

our  years  as  engineer  for  a  steel  construction  company.     No.  31. 

;de-blow  converter  blower,  with  several  years'  experience,  desires  to 

a  change.     No.  32. 

nber,  technical  graduate,  aged  30,  with  eight  years'  experience  in 

r  smelting,  is  open  for  engagement.    At  present  acting  superinten- 

>f  a  large  copper  smelter.     No.  33. 
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AFFILIATED  STUDENT  SOCIETIES. 

Any  society  of  undergraduates  at  a  technical  school,  comprising  students 
in  any  branch  of  engineering,  metallurgy,  chemistry,  geology,  etc.,  may  be 
recognized  by  the  Board  of  Directors  in  its  discretion  as  an  Affiliated  Stu- 
dent Society.  A  circular  giving  details  of  the  plan  of  affiliation  may  be 
obtained  on  application  to  the  office  of  the  Secretary  of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list : 

Affiuatsd  Student  Societixs. 

The  Mininff  Society  of  the  Sheffield  Scientific  School,  Yale  UniTeisity,  New  Hayeiv 
Conn.     Prendentf  Fnuicis  S.  Winslow  ;  Secretary ^  Roger  W.  Newberry. 

The  Universitj  of  Illinou  Student  Branch  of  the  American  Institate  of  Mining  Engi- 
neers, Urbana,  IlL     PretidetUj  M.  L.  Nebel ;  Secretaryy  Willis  Leriche. 

The  Engineering  Society  of  the  University  of  Neyada,  Beno,  Nev.  Prendent^  P.  £. 
Baymond  ;  Searetaryy  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  President,  Budolph  J.  Steng); 
Secretaryy  Mack  G.  Lake. 

The  Mining  and  Qeological  Society  of  Lehigh  University,  South  Bethlehem,  Pa. 
Preaident,  Borart  C.  Mickel ;  Secretaryy  Edward  B.  Snyder. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis,  Minn. 
iVeauient,  C.  A.  Walker ;  Secretaryy  A.  C.  Bierman. 

The  Mininff  Engineering  Society  of  the  Massachusetts  Institute  of  Technology.  IVen- 
denty  Balph  E.  Wells,  Jr.  ;  Secretaryy  Louis  W.  Currier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Engineers  of  the 
University  of  Kansas,  Lawrence,  Kan.  PresiderUy  Walter  R  Bohrer ;  Sea^taryy  H.  B. 
Brown. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  Presidenly  Walter 
P.  Scott ;  Secretaryy  Bert  F.  Smith. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman,  Wash. 
H'endenty  John  F.  Foran ;  Secretaryy  Thomas  C.  Puckett 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas,  Austin,  Tex.  Pnd- 
denty  G.  C.  Cartwright ;  Secr^aryy  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
neers, Columbus,  Ohio.     Prendenty  Hugh  B  Lee ;  Secretaryy  R  P.  Elliott 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Gal.  Prendenly  B.  & 
Parsons;  Secretaryy  R  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.  Prendeniy  Roger 
L.  Strobel ;  Secretary,  Clark  G.  Mitchell. 

Mining  Association  of  the  Universitv  of  California,  Berkeley,  CaL  iVenien4,  D.  M. 
Drumheller,  Jr.  ;  Secretaryy  J.  B  Orynski. 

Tufts  College  Chemical  Society,  TufU  College,  Mass.  Presidenty  F.  D.  Whittemore ; 
Seerlaryy  E.  W.  Hays. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  Preridenty  Oliver  P.  Searing ; 
Secretaryy  Albert  B.  Sherman. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State  College, 
Ames,  Iowa.     Presidenty  Lyle  A.  Butler  ;  Secretaryy  A.  J.  Crawford. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  BoUa,  Ma  Pretideniy 
L.  S.  Copelin ;  Secretaryy  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
Presidenty  M.  T.  Whelan  ;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  Presidenty  Alan  Eissock ; 
Secretaryy  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Aria.  Presidenty  J. 
G^aiy  Lindley  ;  Secretaryy  H.  0.  Coles. 

Kentucky  Minine  Society,  CoUe^  of  Mines  and  Metallurgy,  University  of  Keotuckj, 
Lexington,' Ky.     Presidenty  Oliver  W.  Smith  ;  Secretary,  Chanes  E.  Straub. 

Mining  Society  of  Pennsylvania  State  College,  State  College,  Pa.  Presidenty  Balph  E. 
Kirk ;  &cretary,  Willard  M.  Lindsey. 


American  Institute  of  Mining  Engineers.  iz 


BACK  VOLUMES  OF  THE  TRANSACTIONS. 

The  Board  of  Directors  has  authorized  the  following  oflfers  of  sets  of  back 
volumes  of  the  Transactions,  at  considerably  reduced  prices,  to  Members^ 
Libraries,  and  Scientific  Societies : 

Per  Set. 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906)  to  No. 

40(1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902)  to  No. 

40  (1910),  including  Mexican  Volume, 35 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21  (1893)  to 

No.  40  (1910), ....      50 

IV.  Thirty  volumes,  bound  in  half-morocco,  from  No.  11  (1883)  to 

No.  40  (1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 

to  No.  40  (1910),  with  the  exception  of  No.  10  (1882),  but 

including  index  for  Volumes  Nos.  1  to  35,  and  Nos.  36  to  40,  75 
VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873)  to  No. 

9(1881), 25 


I 


S.  F.  EMMONS  RESEARCH  FELLOWSHIP. 

The  movement  was  started  by  a  number  of  the  friends  and  admirers  of  ; 

the  late  S.  F.  Emmons,  Economic  Geologist  of  the  United  States  Geological  j 

Survey,  to  perpetuate  his  name  through  a  fellowship  to  be  known  as  the  ! 

"S.  F.  Emmons  Research  Fellowship,"  and  they  have  succeeded  in  raising 
some  $13,000  for  the  purpose  of  carrying  on  research  work  in  economic  ,  *  i 

geology.  ^  .     '• 

The  Committee  in  charge  of  this  Memorial  Fund  has  succeeded  in  ob- 
taining the  co-operation  of  Professors  Kemp,  of  Columbia,  Irving,  of  Yale, 
and  Lindgren,  of  Massachusetts  Institute  of  Technology,  in  the  adminis- 
tration of  this  fellowship.  These  three  gentlemen  are  respectively  geolo- 
gists of  the  institutions  mentioned  ana  are  exceptionally  qualified  to 
determine  in  what  direction  the  fund  can  be  best  administered.  It  is 
hoped  that  additional  contributions  will  be  forthcoming  from  many  who 
have  heard  of  this  movement.  Subscriptions  are  invited  and  may  be  sent 
to  any  one  of  these  gentlemen,  or  to  Benjamin  B.  Lawrence,  Treasurer, 
No.  60  Wall  Street,  New  York  City.  .  . 
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INTERNATIONAL   ENGINEERING  CONGRESS. 

The  International  Engineering  Congress  of  1915  will  be  held  under  the 
auspices  of  the  American  Society  of  Civil  Engineers,  American  Society  of  :.    .- 

Mechanical  Engineers,  American  Institute  of  Electrical  Engineers,  Society  •    .  • 

of  Naval  Architects  and  Marine  Engineers,  and  the  American  Institute  of  ;  : 

Mining  Engineers,  in  connection  with  the  Panama-Pacific  Exposition. 
Arrangements  for  this  Congress  are  now  proceeding  under  the  General  .    ■ 

Coinmittee,  the  Institute  representatives  on  which  are  given  on  p.  xxix^  * 

An  interesting  technical  program  is  promised.    The  time  of  the  Congress  ! ' 

is  Sept.  20  to  25,  1915.    Members  of  the  Institute  are  cordially  invited  to 
attend  and  participate  in  the  proceedings  of  the  Congress.  .'  1^ 


I 


'■I 
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IRON  AND  STEEL  COMMITTEE. 

Albjsbt  Sauveub,  Chairman, 
A.  A.  Stevenson,  Vice-chairman, 
Hebbebt  M.  Boylston,  SecTetary^  Abbot  Bldg.,  Cambridge,  Mass. 

John  Birkinbinei  William  Kelly,  J.  S.  Unger, 

William  H.  Blauvelt,  CharleB  Kirchhoff,  Felix  A.  Vogel, 

James  Ghtjley,  Richard  Moldenke,  Leonard  Wudo, 

Henry  D.  Hibbard,  Joseph  W.  Richards,  William  R.  Walker, 

Henry  M.  Howe,  C.  F.  W.  Rys,  William  R  Webster, 

Robert  W.  Hunt,  R  Gybbon  Spilsbury,  Frederick  W.  Wood. 
J.  £.  Johnson,  Jr., 

The  innovation  of  a  special  meeting  under  the  auspices  of  the  Iron  and 
Steel  Committee  was  well  justified,  if  we  accept  as  a  criterion  the  number 
of  papers  presented  at  the  meeting  held  on  Oct.  16  and  17  in  New  York 
ana  the  attendance  at  that  meeting.  Twenty-four  papers  were  read,  and 
most  of  these  were  widely  discussed  orally,  while  doubtless  the  written 
discussions  will  be  even  larger  in  extent.  Discussions  will  be  received  up 
to  Dec.  1,  1913.  The  attendance  at  the  meeting  of  106  members  and  75 
guests  is  an  evidence  of  the  wide  and  growing  interest  in  the  Institute  of 
men  interested  chiefly  in  iron  and  steel.  It  is  especially  interesting  to 
note  this  large  attendance  at  a  meeting  where  very  little  of  a  social  nature 
was  introduced  into  the  program. 

An  informal  dinner  for  the  men  at  the  Engineers'  Club  closed  the  meet- 
ing. At  this  dinner  were  present  about  70  members  and  guests.  One  of 
the  Vice-Chairmen  and  the  Secretary  of  [the  new  Committee  on  Petroleum 
and  Gas  told  of  the  important  plans  in  prospect  of  that  Committee. 
Brief  impromptu  speeches  by  a  considerable  number  of  the  members  and 
guests  were  enjoyed.  Professor  Marburg  reiterated  his  previous  assertion 
that  he  believea  that  the  Institute  and  the  American  Society  for  Testing 
Materials,  as  well  as  some  of  the  other  technical  societies,  were  all  fight- 
ing for  one  good  cause ;  that  there  was  room  in  the  field  for  all  of  these 
societies  with  their  various  points  of  view ;  and  that  they  should  march 
shoulder  to  shoulder.  The  success  of  this  dinner  was  due  largely  to  the 
efforts  of  Mr.  Johnson,  who  had  the  affair  in  charge. 

The  fact  that  all  of  the  papers  that  were  presented,  with  two  exceptions, 
were  distributed  in  printed  form  speaks  well  for  the  eflSciency  of  the  Gen- 
eral Secretary's  office,  handicapped  as  it  was  by  the  fact  that  about  half 
of  the  manuscripts  were  received  after  Sept.  1. 

In  view  of  the  excessive  pressure  of  work  put  upon  the  Committee  and 
upon  the  General  Secretary  s  office,  because  of  the  late  date  at  which  some 
of  the  manuscripts  have  oeen  received  in  the  past,  it  has  been  decided 
that  no  papers  received  after  Jan.  1,  1914,  can  be  presented  at  the  next 
February  meeting  and,  in  general,  it  will  be  much  better  if  the  papers 
can  be  in  the  hands  of  the  Secretary  at  least  three  months  in  advance. 

Papers  on  the  following  subjects  are  practically  assured  for  the  February 
meeting: 

Albert  Sauveur,  Mayari  Steel. 

J.  E.  Johnson,  Jr.,  The  Quality  of  Cast  Iron  as  Affected  by  Oxygen, 
Nitrogen,  and  Other  Elements. 

J.  L.  Norris,  Resistance  of  Steels  to  Wear  in  Relation  to  Their  Hardness 
and  Tensile  Properties. 

J.  V.  Emmons,  Some  Phases  of  the  Practical  Treatment  of  Tool  Steel. 

G.  H.  Clamer,  Cupro- Nickel  Steel. 


Ambrican  Ikstitutb  of  Mining  ENaiNSSRS. 


XI 


An  interesting  meeting  of  the  Iron  and  Steel  Committee  was  held  at 
the  Engineers'  Club,  in  New  York,  on  the  evening  of  Oct.  16.  Several 
guests  were  present  and  possible  topics  for  future  papers  were  discussed. 
Partly  as  a  result  of  this  meeting,  invitations  have  been  sent  out  to 
qualified  persons  to  contribute  papers  on  the  following  subjects  for  the 
February  meeting:  The  Electric  Furnace  for  Steel  Making;  The  Electric 
Furnace  for  the  Manufacture  of  Steel  Castings;  The  Generation  of  Steam 
by  Waste  Heat  from  Open-Hearth  Furnaces ;  Special  Steels ;  Heat  Treat- 
ment of  Steel  Castings ;  Mayari  Steel  Rails ;  Nodulizing  of  Ores  for  the 
Blast  Furnace;  Blast-Furnace  Gas  Cleaning;  The  Efficiency  of  Blast- 
Furnace  Stoves.  H.  M.  Boylston,  Secretary, 


• 
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COMMITTEE  ON  PETROLEUM  AND  GAS. 

Anthony  F.  Lucas,  C^aM-man. 
William  N.  Best,  VieirChaii'man,  David  T.  Day,  Viee'Chairman^ 

Mark  L.  Bbqua,  Vtce-Chairman. 
Lbonaxd  Waldo,  Seeretaryf  49  Wall  St,  New  York,  N.  Y. 


Ralph  Arnold, 
Frederick  G.  Clapp, 
Edwin  T.  Dumble, 
Richard  S.  Haeeltine, 
C.  Willard  Hayes, 


Philip  W.  Henry, 
John  Langton, 
William  B.  Phillips, 
Walter  O.  vSnelling, 


William  L.  Watts, 
H.  A.  Wheeler, 
I.  C.  White, 
William  A.  Williams. 


The  first  regular  meeting  of  the  Committee  was  held  at  the  Engineers' 
Club  on  Wednesday  evening,  Oct.  15,  1913.  The  Committee  asked  for  an 
allotment  of  time  at  the  February  meeting  of  the  Institute  at  which  to  hold 
a  symposium  on  the  subject  of  tne  origin  of  petroleum  and  natural  gas. 

Dr.  Day  submitted  a  chart  giving  a  classified  list  of  subjects  that  would 
come  within  the  scope  of  the  Committee's  activities,  together  with  the 
names  of  men  best  fitted  to  treat  the  various  subjects. 

Dr.  Waldo,  Chairman  of  the  Sub-Committee  on  Fire  Protection  and  In- 
surance, reported  that  in  connection  with  the  work  of  this  Committee  the 
Institute  had  become  a  member  of  the  National  Fire  Protection  Association. 

William  N.  Best  offered  a  list  of  four  subjects  as  being  worthy  of  receiv- 
ing the  attention  of  the  Committee,  and  was  urged  to  prepare  a  paper 
covering  the  points. 

Dr,  Waldo  presented  the  following  resolution,  which  was  adopted  and 
sent  to  the  Editor  of  the  Bulletin  for  publication  in  the  next  issue : 

"  The  Petroleum  and  Gas  Committee  of  the  American  Institute  of  Min- 
ing Engineers  hears  with  sorrow  of  the  death  of  Dr.  Rudolph  Diesel.  He 
stands  easily  first  amongst  those  engineers  of  acute  perception,  high  tech- 
nical training  and  scientific  imagination  who  have  applied  the  revealing 
doctrine  of  the  conservation  of  chemical  and  heat  transforming  energy  to 
the  service  of  man.  The  energy  economies  he  has  pointed  out  to  us  are  of 
incalculable  value.  His  services,  as  his  training,  were  international  in 
character.  It  is  pathetic  that  just  as  he  was  entering  into  the  fruition  of 
his  earliest  plans,  which  had  been  so  unflinchingly  pursued  through  many 
discouraging  years,  he  should  leave  the  goodly  fellowship  of  his  sympathiz- 
ing colleagues,  who  can  only  with  far  less  fitness  carry  on  the  great  branch 
of  Power  Engineering  so  convincingly  established  by  him." 

Leonard  Waldo,  Secretary, 
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BOSTON  LOCAL  SECTION. 

Committee. 
Robert  H.  Richards,  Ckairman, 

Albert  Sauveub,  Vice-Chairman. 

Augustus  H.  Eustis,  Secretary-Hreasurer^  131  State  St.,  Boston,  Mass. 

Timothy  W.  Sprague.  Henry  A.  Wentworth. 

The  thirteenth  meeting  of  the  Boston  Local  Section  was  held  at  the 
Engineers'  Club,  2  Commonwealth  Avenue,  Boston,  on  Monday  evening, 
Oct.  6,  1913.  Fourteen  members  and  three  guests  were  present  at  the 
dinner,  at  which  Chairman  Robert  H.  Richards  presided. 

After  the  dinner,  the  Chairman  expressed  his  pleasure  in  welcoming  the 
members  at  the  first  dinner  following  the  vacation.  He  said  that  he  bad 
attended  a  meeting  of  the  Directors  of  the  parent  society  in  New  York; 
that  they  had  askea  what  the  Boston  Section  were  doing,  and  expressed 
their  hope  that  we  would  be  able  to  make  some  of  our  papers  formal  and 
offer  them  for  publication.  The  Chairman  then  said  that  he  realized  the 
objection  to  this ;  that  members  were  less  willing  to  speak  for  publication 
than  informally,  but  that  he  hoped,  nevertheless,  that  some  of  the  speakers 
this  year  would  see  their  way  to  write  up  a  formal  paper  at  some  later 
date,  along  the  general  lines  of  their  informal  addresses. 

At  the  close  of  the  Chairman's  remarks,  the  minutes  of  the  twelfth 
meeting  were  read  in  part,  and  approved. 

The  Secretary  reported  that  he  had  received  a  letter  from  Mr.  Jennings, 
suggesting  that  Mr.  Bruno  Nordberg  had  recently  been  testing  a  new  form 
of  hoisting  engine,  which  combined  an  air  compressor  and  steam  hoist, 
and  that  he  might  possibly  consent  to  present  the  results  of  these  tests  in 
a  paper  to  the  Boston  Section.  The  Secretary^asked  if  the  members  would 
be  interested  in  such  a  paper,  and  the  replv  was,  that  they  would. 

The  Chairman  then  introduced  the  speaker  of  the  evening,  Prof.  Henry 
L.  Smyth,  who  spoke  informally  on  The  Taxation  of  Mining  Property. 

At  the  close  of  the  paper,  Mr.  Weeks  entertained  the  company  by  recit- 
ing a  few  verses. 

The  meeting  then  adjourned. 

Augustus  H.  Eustis,  Secretary. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 

American  Society  of  Mechanical  Engineers.  i 

American  Institute  of  Mining  Engineers. 

United  Engineering  Society. 

William  P.  Cottbb,  Librarian.  *   '    < 

The  Library  of  thie  above-named  Societies  is  open  from  9  a.m.  to  9  p.m. 
on  all  week-days,  except  holidays,  from  September  1  to  June  30,  and  from 
9  A.M.  to  6  P.M.  during  July  and  August.  The  Library  contains  about 
55,000  volumes,  including  sets  of  technical  periodicals  and  the  publica- 
tions of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a  por- 
tion of  their  time  in  localities  isolated  from  sources  of  information.  To 
these  the  Library  can  render  valuable  service  through  correspondence ; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  mrnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects ;  to  determine  the  existence  of  mining-maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for  such 
collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining-reports,  maps  privately  issued,  and  similar 
materitd,  which  will  be  classined,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

LiBBAHY  Accessions. 

New  Books  on  Mining  and  Metallurgy.  ^ 

Report  on  the  Mining  and  Mbtalluboical   Industries  op   Canada,  1907-08.  "^ 

Canadian  Mines  Department,  Ottawa,  1908.     (Gift  of  International  Geological  Con-  •     • 

gress  (Canada),  1913.) 

Explosives — ^Sotjth  Africa   (Union)   Mines  Department.     Annual  Report,   1912, 
Part  III.    Pretoria,  1913.     (Gift  of  Union  of  South  Africa  Mines  Dept ) 

Bulbs  for  Mine-Rescue  and  First-Aid  Field  Contests.    (Miners'  Circular  No.  15,  * 

n.  S.  Bureau  of  Mines. )     Washington,  1913.     (Exchange.)  - 

Sanitation  at  Mfnino  Villages  in  the  Birminqhabc  District,  Ala.     (Technical 

Paper  No.  33,  U.  S.  Bureau  of  Mines. )     Washington,  1913.     (Exchange.)  '     * 

ZiNK  AND  Cadmium.     By  R.  G.  Max  Liebig.     Leipzig,  1913.     (Purchase.) 

New  Books  on  Geology  and  Mineral  Production. 

General  Summary  of  the  Mineral  Production  of  Canada,  1912.    Canadian  De- 
partment of  Mines,  Ottawa,  1913.     (Gift  of  Department  of  Min&s. ) 

Geolooigal  Map  of  the  Dominion  of  Canada,  1913.     (Gift  of  International  Geolo- 
gical Congress  (Canada),  1913.) 

Ebtadistica  Minera  de  Chile  en  1910.      Encomendada  a  la  Sociedad  Nacional  de  '  f 

Mineria.     Tomo  V.     ^ntiago  de  Chile,  1913.     (Exchange.)  .j 

NiDEB  Jahbbuch  FtiB  MiNSRALOoiE,  Geoloqie  und  PalXontolooib.   Beilage-Band.  i 

XXXVI,  part  2.     Stuttgart^  1913.     (Purchase.) 
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Pbelimimaby  Report  on  Ibon  Oris  of  Mississippi.  (Bulletin  No.  10,  Miwiasippi 
Geological  Survey. )    Jackson,  1913.     (Exchange.) 

TlTANIFKROUS  IbON  OrBS    IN    THE  UNITED  StATKS  ;    THEIR  Ck)lCPOSITION   AND  ECONO- 

Mio  Value.     (Bulletin  No.  64,  U.  S.  Bureau  of  Mines.)     Washington,  1913.    (Ex- 
change. ) 

Victoria.  Secretary  for  Mines.  Annual  Report,  1912.  Melbourne,  1912.  (Ex- 
change. ) 

New  Books  on  Non-Metallic  Minerals. 

U.  S.  Navy  Department.  Report  of  the  U.  8.  Naval  ^*  Liquid  Fuel "  Board.  Wash- 
ington, 1904.     (Gift  of  U.  S.  Navy  Department.) 

Investigation  of  the  Ck)AL.s  of  Canada,  Vol.  1-6.  Canadian  Mines  Department, 
Ottawa,  1912.     (Gift  of  International  Geological  Congress  (Canada),  1913.) 

Structural  Materials  of  Mississippl  (Bulletin  No.  9,  Mississippi  Geological  Sur- 
vey.)     Jackson,  1911.     (Exchange.) 

Analyses  of  Coals  in  the  Un(ted  States.  (Bulletin  No.  22,  U.  S.  Bureau  of  Mines, 
parts  1-2. )     Washington,  1913.     ( Exchange. ) 

New  Books  on  Chemistry  and  Physics. 

Tables  Annuelles  de  Constantes  vr  Donness  Num^riqubs  de  Chixie,  de  Phy- 
sique ET  de  Technoloqie.  Volumc  II,  Ann6e  1911.  Paris,  1913.  (Gift  of 
Vllth  International  Congress  of  Applied  Chemistry. ) 

[Note. — ^Those  who  have  used  the  first  volume  of  this  great  work  will  welcome  the 
second,  and  will  need  no  aid  to  the  grateful  appreciation  of  it  The  International  Abso- 
ciation  of  Academies,  under  the  auspices  of  which  these  tables  have  been  compiled  and 
published,  could  not  have  bestowed  upon  the  scientific  world  a  greater  boon.  While  the 
text  is  largelv  French,  all  necessary  explanations  are  given  in  German,  Italian,  and  Ed- 
glish  also.  The  tables  in  this  volume  comprise  the  following  subjects :  Coeffidents  of 
Compressibility,  Elssticity,  Densities,  Viscosity  ;  Surface-Tension ;  Coefficients  of  Ex- 
pansion ;  Specific  Heats ;  Thermal  Conductivities  ;  Thermodynamics  ;  Melting  Points ; 
Vapor  Pressures ;  Gas  Laws  ;  Acoustics;  Radiation;  Photometry  Coefficients  of  Absotp- 
tion  ;  Refraction  and  Dispersion  ;  Spectrum  Analysis ;  Optical  Rotatory  Powers ;  Elec- 
tricity ;  Magnetism  ;  Atomic  Properties ;  Radio-activity ;  Cosmic  Physics ;  Atomic 
Weights ;  Molecular  Weights  ;  Osmotic  Pressure  ;  Coefficients  of  Diffusion  ;  Solubility ; 
Thermochemistry ;  Chemical  Equilibrium ;  Velocity  of  Reaction  ;  Electrical  Conductivitj 
of  Electrolytes ;  Electromotive  Forces ;  Colloids ;  Absorption ;  Crjatallography  ud 
Mineralogy  ;  Organic  Chemistry  ;  Essential  Oils,  Fats  and  Waxes ;  Animal  Physiology ; 
Vegetable  Physiology  and  Chemistry ;  Engineering ;  Metallurgy — and  a  supplem^t 
There  are  759  quarto  pages  in  all,  representing,  one  might  fairly  say,  the  latest  discoveries 
and  determinations  in  the  whole  realm  of  science. — R.  W.  R.] 

New  Books  on  General  Subjects. 

Canada.  Commission  of  Conservation.  Report  of  the  4th  Annual  Meeting,  Jsn., 
1913.     Toronto,  1913.     (Gift  of  Commission  of  Conservation. ) 

Om  HastskosOmmetoch  dess  Tillverknino  samt  Naora  drag  ur  Hofbeslaqets 
HiSTORiA.     By  K.  J.  Sunstroiu.     Orebro,  1911.     (Gift  of  F.  B.  Gilbreth. ) 

The  author  desires  very  much  to  have  samples  of  every  kind  of  horseshoe  nsdl  that  there 
is,  in  order  that  his  next  book  on  this  subject  may  include  American  as  well  as  European. 
K.  J.  Sunstrom,  Orebro,  Sweden. 

Opisanie  Soorushenig  Novago  MosKovflKAOo  VonopBOvoDA  (Water  Works  System 
of  Moscow,  Russia),  with  atlas  (in  Russian).  By  N.  P.  Simin.  Mockba,  1905. 
(Gift  of  Walter  Wood.) 

Panama  Canal.  What  it  is,  what  it  means.  By  John  Barrett  Washington,  1913. 
( Gift  of  Pan  American  Union. ) 

Railway  Library,  1912.     Compiled  and  edited  by  Slason  Thompson.     Chicago,  1913. 

(Gift  of  Slason  Thompson. ) 
Tariff  Law  of  1913.     New  York,  1913.     (Gift  of  W.  P.  Cutter.) 

VocABULARio  GuARANi.  R&imuudo  D.  Obelar.  N.  p.,  n.  d.  (Gift  of  George  B. 
Holderer. ) 

Society  for  the  Promotion  of  Engineering  Education.  Proceedings  of  20th 
Annual  Meeting.  Vol.  XX,  part  2.  Ithaca,  1913.  (Gift  of  Sooiety  for  the  Pro- 
motion of  Engineering  Education. ) 


AHBEIOAM   IhbTITDTK   of  MiHINS  EHQtltBBBS. 

. — The  first  danger  of  »  Society  like  this  is  that,  offering  a  toram  for  the  p: 

diBcuBBion  of  new  ideas,  it  nuy  be  eiramped  in  the  volaininoua  deliTenocee  at 
diluted  bj  the  platitudes  of  conaeTTadTes.  The  record  of  this  Societj  showB  that 
inger  need  not  be  apprahended.  It  has  become  the  or^an  of  keen  practical  ex- 
t  mere  theoriste  or  figtire-heads  This  volume,  containiDg  the  proceedings  of 
m  meeting  of  June,  1912,  contains  sereral  papers  of  special  and  permanent  value, 
X)  engineering  laboratories  of  all  Itinds.  Among  these  one  of  the  moat  suggestive 
Prof.  W.  T.  Magmder,  of  the  Ohio  Slate  University,  on  The  Cbsjactenstics  of 
^anical  Engineering  Laboratories  of  American  Engineering  Colleger,  in  which 
cts  taught,  the  specialties  emphasized,  the  equipment  and  its  ase,  the  personnel 
ctioQ,  the  time  devoted  to  laboratory  work,  the  system  of  individual  or  squad 
the  meLhods  of  experiments  and  record,  the  amount  of  original  research,  etc.,  are 

The  author  says  he  learned  something  at  every  laboratory  be  visited. 
.   R.  Heater  turaishes  an  elaborate  description  of   the   famous  laboratories  at 
mburg ;   and  the  Section  on  Mining  Laboratories  presents  an  interesting  discus- 


^minent  aathoritiea  of  the  educational  pnrposes  of  a  laboratory  and  the  ewential 
*''"''  '       '  '  "  allnrgy,  and  m.' 

.    . --  t-    -t^.     -8  cost  of  produ 

obtained  from  Henry  H.  Norris,  SecreUry,  Ithaca,  N.  Y.— R.  W.  B.] 


>f  laboratorisB  for  ore  dressing,  coal  washing,  ore  testing,  metallnrgy,  and  „ 

:  is  sold  to  non-members  at  $1.25  per  copy,  whioh  is  bekw  the  cost  of  production. 


Company  Reports. 
(oXFT  OF  IHTKBNATIOHAL  OEOLooicAi.  coKQBEsa  (Canada),  1913.) 
Columbia  Coppeb  Co,     Annual  Report,  1912. 
■escription  of  Smelting  Works  at  Greenwood,  British  Columbia.    By  J.  E.  Mc- 

)  Mines,  Ltd.     Annual  Report,  7th,  1S13. 

>ATM>  MitiiHO  &  SuEi.TiHa  Co.  OF  Cahada.     Report  of  the  Direotors,  1912. 

INEB  Co.,  Ltd.     Annual  Report,  2d,  Nov.,  1911-Man:h  31,  1913. 

H  Stzei.  Corporation,  Ltd.    Aimual  Report  and  Statement,  March  31,  1913. 

,  brief  account  of  its  coal  uid  steel  propertiea. 

COKSOLTDATED   MlNINO,    SHELTiNO   &    POWEB  Co.,  LtD.       RepOTt,  1913. 

Gold  Mintno  Co,     Report,  1912. 
lER  Uoi;i>  Mines,  Ltd.     Annual  Report,  2d,  1912. 

Bay  Mines,  Ltd.     Annual  Report,  3d,  1912. 
lTIOrai.  Nickel  Co.     Annual  Report,  lith,  1913. 
AKZ  MiNiHQ  Co.     Annnal  Report,  1912. 
ey-Darkah-Savaoe  Mines  of  Cobalt,  Ltd.    Report,  1912. 
o  Mikes  Co.    Annnal  Report,  8th,  1912. 
SuPESiOB  Silver  Mines,  Ltd.    Annual  Report,  Ist,  1913. 
Umpahy  of  Canada,  Ltd.    Report,  3d,  1912. 
QoLD  Co.     Annual  Statement  to  the  Stockholders,  1912. 
DFER  LoBRAiH  Silver  Mines,  Ltd.    Annnal  Report,  1912. 

Trade   Catalogues. 
'  Pneuiiatic  Tool  Co.,  Chicago,  111.      Bnll.  No.  31-T.     Class  "M"  Chicago 
nmatic  Corliss  Tvpe  Stesm-Driveu  Compressors.    Sept ,  1913. 
ll-Rand  Co.,  New  York,  N.  Y. 
w  remarks  about  Calyx  Coredrills.     ( Form  632. ) 
ttle  David"  riveting  hammers.     (Form  SOU.)    July,  1913. 
[,  A.  &  Sons  Rare  Co.,  St.  Lonis,  Mo.    Leschen's  Hercules.    Oct.,  1913. 
.  RoEBLiNa's  Sons  Co.,  Trenton,  N.  J,    Catalogue  of  wire  rope  and  wire  rope 
tnings.     1912. 
N  Machinery  Co.,  Chicago,  III.     Catalogue  68.      Sullivan   Stone   Channelers. 

'KRONE  Machine  Ca,  New  York,  N.  Y.      Bull.  132.      '-De  La  Vergne"  Oil 

ine,  type  "  F  H."     June,  1913. 

s.  Mfu.  Co.,  Tiffin,  Ohio.     Webster  Method.     Sept.,  1913. 
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MEMBERSHIP. 

New  Membebs. 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  month  of  October,  1913 : 

Members. 

Babnss»  KsNNirrT  F.,  Secty Qranby  Min.  <&  Smelting  Co.,  St  Louis,  Mo. 

BiLLiNOSLKT,  PAUL,  Gool 526  Hennessy  Bldg.,  Batte,  Mont. 

Blanghord,  Ralph  C,  Qeol 3  Lombard  St,  London,  England. 

BoTLE,  Albert  G.  ,  Jr.,  Prof,  of  Min.  and  Met,  University  of  Wyoming,  Laramie,  Wjo. 

Bradford,  Julius  S.,  Min.  Engr Chiksan  Mining  Co.,  Chikean,  Korea. 

Clemes,  Alfred  W.,  Min.  Engr P.  O.  Box  688,  Moienci,  Aris. 

CoPELAND,  Durward,  Met Cia.  Estamifera  de  Llallagiia,  Bolivia,  So.  America. 

Crawford,  John,  Jr.,  Mgr Noble  Elec  Steel  Co.,  Heroult,  Shasta  Co.,  Cal. 

Edwards  John  B.,  Naval  Officer Navy  Dept,  Washington,  D.  C 

Farnham,  C.  Mason,  Geol.,  Cerro  de  Pasco  Mining  Co.,  Cerro  de  Pasco,  Peru,  So.  Amer. 

Fowler,  Geo.  M.,  Min.  Engr 634  Phceniz  Bldg.,  Bntte,  Mont 

GiLHAM,  Ralph  E.,  Asst  Supt Keating  Gold  Dredging  Co.,  Radersburg,  Mont. 

Kennedy,  Andrew,  Min.  Engr 1215  3d  Ave.,  N.,  Seattle,  Wash. 

Porter,  W.  E.,  Mining. 427  Gas  and  Electric  Bldg.,  Denver,  Cola 

Bathbun,  Frank  DeG.,  Min.  Engr Morenci,  Ant. 

Rts,  C.  F.  W.,  Met  Engs Carnegie  Steel  Co.,  Carnegie  Bldg.,  Pittsbunr,  Pa. 

SiMENSTAD,  Charles,  Min.  Engr 2305  13th  Ave.,  North,  Seattle,  Wnsh. 

SopER,  Ellis  C,  Mech.  Engr Pres.  Soper  Engrg.  Co.,  Chattanooga,  Teno. 

SuNDERHAUF,  ALBERT  E.,  Mining Baramaribo,  Datch  Guiana,  So.  America. 

SuYERKBOP,  Edward  A.,  Chile  Exploration  Co.,  251  W.  I09th  Street,  New  York,  N.  Y. 

Ware,  HarrtS.,  Met Box  3,  Anaconda,  Mont 

Weaver,  Charles  E.,  Geol University  of  Washington,  Seattle,  Wash. 

Wester,  James  R.,  Mine  Foreman Morenci,  Ariz. 

Wilcox,  Ralph,  Diamond  Drill  Operator P.  O.  Box  100,  Miami,  Ariz. 

Asaociate, 
Bradley,  Clarence  L,  Student Branford,  Conn 

Junior  Members. 

Crittenden,  ZarT.,  Min.  Engr. Lincoln  Block,  Butte,  Mont. 

DoBSON,  Christopher  G.,  Asst  Engr.,  Original  Mine,  303  Goldberg  Bldg.,  Butte,  Mont 

Madson,  Frank  H.,  Min.  Engr 517  8.  Central  Ave.,  Virginia,  Minn. 

Petty,  Morris  K.,  Transitman Ellsworth  Collieries  Co. ,  Ellsworth,  Pa. 

Searing,  Oliver  P.,Cyaniding Treadw^I,  Alaska. 

Still  wagon,  Samuel  C,  Efficiency  Work 2056  Cornell  PL,  Cleveland,  Ohio. 

Wong,  William  A.,  Student,  Livingston  Hall,  Columbia  University,  New  York,  K.  Y. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of  Oc- 
tober, 1913,  for  election  as  members  of  the  Institute.  Their  names  are 
Sublished  for  the  information  of  members  and  associates,  from  whom  the 
ommittee  on  Membership  earnestly  invites  confidential  communicationB, 
favorable  or  unfavorable,  concerning  these  candidates.  A  sufficient  period 
{varying  in  the  discretion  of  the  Committee,  according  to  the  residence  of 
the  candidate)  will  be  allowed  for  the  reception  of  such  communicatioDS, 
before  any  action  upon  these  names  by  the  Committee.  After  the  lapse  of 
this  period,  the  Committee  will  recommend  action  by  the  Board  of  Di- 
rectors, which  has  the  power  of  final  election. 

Members, 

Alexander  Adiassewich,  St  Petersburg,  Russia. 

Proposed  by  W.  L.  Saunders,  L.  Waldo,  Albert  Sauveur. 

Bom,  1865,  Kamenez- Podolsk,  Russia.  1874-84,  College  at  Kamenes-Podolsk,  Uni- 
versity at  Kharkow ;  Natural  Science.  1897-1900,  studying  Geology  and  Mining  in  London. 
1884r-87,  Exploration  work  in  AlUi  Mountains,  Siberia.  1887-92,  Engineer  at  oilfieldi 
and  refineries  in  Baku,  Caucasus.    1892-95,  Exploration  work  for  GoiiBa  Mines  Synd. 
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Gonraltmg  engineer,  Sigmadan  Copper  Minee.  189&-97,  Maiuurar  and  oontaltiog  engineer 
for  Tarions  oompaniee  operating  in  Baku  oilfields.  1897-1908,  Gonsnlting  Mining  engi- 
neer in  London. 

Preeent  position :  1908  to  date,  If  ember  of  Ministrjr  of  Commeroe  and  Industry,  Russia. 
Hetd  of  geological  bureau  and  laboratory  for  English  petroleum  companies  working  at 
Baku. 

John  W.  Beard,  Rincon,  Temascaltepec,  Mexico. 

Proposed  bj  C.  R  Rhodes,  A.  F.  Main,  filamej  Stevens.  ,      . 

Bom,  1883,  Syracuse,  N.  T.  1904-08,  G.  £.,  Syracuse  Uniyersity.  1908-09,  B.  S.  in 
M.  £.,  Missouri  School  of  Mines.  1909-10,  Mine  Foreman,  Gold  Pioneer  Mining  Ga, 
Tellaride,  (do.     1910-11,  Mining  Engineer,  Oaks  Co.,  Alma,  N.  M.    1911-12,  Shift  boss  j   '    ^ 

in  Mine  and  Mill,  £1  Oro  Mining  and  Railway  Co.,  £1  Oro,  Mezica  •      '       ;        . 

Present  position :  1912  to  date,  Mine  Supt.,  Lane-Rinoon  Mines,  Inc.,  Temascaltepec, 
Mexico.  • 

John  Bertram  Arnold,  New  York,  N.  Y.  i     \ 

Proposed  by  W.  H.  Barrows,  Jr.,  Carl  ZapfiFe,  Kirby  Thomas.  i 

Bom,  1866,  Stanley,  N.  B.  1881,  Ui^h  School,  Meonee,  Wis.  1882-84,  Uniyersity  of 
Miim.    1884-1913,  Law  office  and  practicing  attorney  in  Wis.  and  Minn.     Part  owner  in  ,  '        - 

▼arious  holding  companies  of  iron  lands  in  Minnesota  from  1891  to  date.     I  have  been  '  ' 

interested  in  copper  and  iron  land  and  mines  in  Wisconsin  and  Minnesota,  always  for  my-  • 

self  as  owner. 
Present  position  :  Holding  and  developing  iron  lands.  «      i 

Kasaku  Asano,  Tokyo,  Japan. 

Proposed  by  R.  Konda,  M.  Otegaws ,  I.  Sugimoto. 

Bora,  1876,  Tokyo,  Japan.    1900,  Grad.,  Applied  Chemistry  Section,  Technology  Depart- 
ment of  Tokyo  Imperial  Uniyersity.    Oct  to  May,  1901,  Mass.  Inst.  Technology.    1902,  '        •■     .  ' 
Asbio  Copper  Miners  Smelter  of  Furukawa  Mining  Co.  as  engineer.     1906,  Supermlendent 
of  the  same.     1913,  £ngineer  of  Main  Office  of  the  same  company.     Trayeled  United 
States  to  see  the  progress  of  mining  industry. 

Present  position  :  £Dgineer  of  Furukawa  Mining  Company. 

Walter  O.  Borcherdt,  Austinyille,  Va. 

Proposed  by  J.  A.  Van  Mater,  William  A.  Pomeroy,  George  C.  Stone.  . 

Bom,  1883,  Chicago,  111.  1890-1901,  Chicago  Public  Schools,  Chicago  £Qglish  High 
and  Manual  Training  School.     1901-05,  Steyens  Institute  of  Technolog^y,  Hoboken,  N.  J. ;  .     .         • 

degree  of  Mechanical  Engineer.  1^01,  summer,  Warren  Manufacturing  Company,  Chi- 
cago, Woodworking  and  cabinet  making.  1903,  uummer,  Illinois  Steel  C^.,  Chicago,  Con- 
straction  Department.  1904,  summer,  Cudahy  Packing  Co.,  S.  Omaha,  Neb. ,  Engineering 
Dept  1905,  summer,  Electric  Vehicle  Co.,  Washington,  D.  C,  Machine  Shop.  1905,  3 
months,  N.  Y.  &  Queens  Qas  Co.,  Flushing,  L.  I.,  Cispector  on  contracts.  Dec.,  1905,- 
Mar.,  1906,  Milliken  Bros.,  Inc.,  New  York  City,  Detailer  on  design  of  Open  Hearth 
Steel  Plant.  Mar.,  1906,  New  Jersey  Zinc  Co.,  Franklin  Furnace,  N.  J.  Ore  Cone,  and 
MecL  Engrg.     Sept,  1906,  to  date,  Bertha  Mineral  Co.,  Austinyille,  Va.;  Asst  Supt.  and  T    '     « 

Snot.,  Mine,  Mill,  Smelter. 

Present  position  :  Superintendent  Austinyille  Plant,  Bertha  Mineral  Co.  ^ 

Roger  E.  Chase,  Jr.,  Tacoma,  Wash. 

Proposed  by  Willard  V.  Morse,  P.  A.  Mosman,  Willard  S.  Morse. 
Bom,  1887,  St  Paul,  Minn.    1901-5,  Tacoma  High  School.     1905-9,  Uniyersity  o 
Vermont,  Bachelor  of  Science  in  Chemistry.     1909-11,  Successiyely  fumaceman,  MacDou- 

5J1 ;  foreman,  sample  foreman,  chemist,  and  yard  foreman  at  smelter  of  Cerro  de  Pftsco  ] 

ining  Co.,  Peru.    Feb-Sept,  1912,  Chemist  with  Heinrich  Laboratories,  Tacoma. 
Present  position :  Oct,  1912,  to  date,  Tacoma  Smelting  Co. 

William  Morley  Cobeldick,  Walhiroo,  South  Australia. 

Proposed  by  H.  Lipson  Hancock,  William  E.  Slee,  Albert  L.  Brown. 

Bom,  1882,  London,  England.  1896-98,  Finsbury  Technical  College,  London,  England. 
1898-1901,  British  Columbia  Exploring  Syndicate  subsequently  Electrical  Engineer  Co.' d  ,    ' 

gold  drednng  plant  on  the  Eraser  Riyer ;  had  charge  of  erection  and  operation  of  power 
plant,  and  the  melting  and  assaying  of  gold.  Obtained  Diploma  of  Bntish  Goyt  for  effi- 
ciency in  sampling  and  assaying.  1901-05,  Works  Manager  and  Chemist  to  the  Metal 
Trust,  Ltd.,  London,  England,  dealing  with  the  technical  and  commercial  deyelopment  of  I 

the  Swinboume  Ashcrofts  chlorine  treatment  of  lead-zinc  sulphides.     1905-07,  Took  asso-  .  *' 

ciates'  Course  at  Royal  School  of  Mines,  London  ;  awarded  Bessemer  Medal  and  prize  in 
the  Metallurgical  Department    Six  months  inspecting  metellurgical  plants,  Gt  Britain  ' 
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and  fiarope.    1907-M,  Tneftting  tiB-oopper  salfliidw  froai  tiM  Oonali  MoNt,  Lid.,  TW 

mftnui  and  Cottdon,  which  iiiclad«d  eredtifig  nwl  opemtiog  experhneBtal  veTer^emtory 
plant,  together  with  leaching  treatment  of  this  ore  at  Swansea,  South  WalWi  uooajiAe- 
tioii  with  Mmm.  a.  Hill  aad  Stewaft,.  London.  1910,  Special  ctady  ireaitnmt  of  Oi-So 
suAteB  and  alloyB. 

Present  position ;  1910  to  date.  Chemist,  Wallaroo  &  Moonta  Mining  &  Smelting  Co 
Ltd.,  Wallaroo,  South  Australia. 

John  Victor  Culbert,  London,  Ontario,  Omada. 

Proposed  by  R.  K  Hkm,  Thomas  T.  Read,  K.  H.  Flaherty. 

Bon,  1887,  Oranton,  Ont  1904-07,  University  of  Toronto,  Ont.,  grad.  in  nuniag 
tfngineerhig.  1908-09,  Post-gtvduate,  noiversity  of  Tomsto ;  degree  of  Bachelor  of 
Applied  t:£ience.  1911,  Member  Canadian  Institute  of  Mining  Et^rineers.  1^5-09. 
Timbering,  survey icg,  assaying,  prospecting,  mili  shifting,  O^Bnen  Mine,  Cobalt,  Om. 
1909-10,  Shiftboss,  fSperansa  mine,  £1  Oro,  Mexico ;  Smelter  Supt.,  Dos  Estrellas  mine, 
£^  Oro,  Mexico ;  Suy  veyor  and  experimnntal  man  on  construction  of  cyanide  mill,  £1 
Tigre  Mine,  Sonora,  Mexico.  1911,  EnAfineer  for  Willis  Chipman,  C.  E.,  Toronto; 
Sampler,  Assayer,  Mill  Supt.,  HoUinger  Mine,  Porcupine,  Ont  1912,  Estimating  and 
drafting,  Toronto  Iron  Works.  1913,  Mining  Engineer  and  Surveyor,  Buffslo  Miaes, 
Cobalt. 

Present  position :  Mine  Superintendent,  Wasabika  Gold  Mine,  West  Shiningtree,  Ont 

Mitchell  Joseph  Daley,  Bingham  Canyon,  Utah. 

Proposed  by  Vernon  8.  Rood,  E.  P.  Jenninss.  H.  D.  Kinney. 

Bom,  1885,  Marlboro,  Mass.  Grammar  and  High  School.  1909,  Grad.  of  Biaak  Insti- 
tute of  Technology ;  degree  S.  B.  1909-10,  General  work  in  Mill,  Sampler  and  engi- 
neer's asst.     191 1,  Assayer.     191 1-13,  Mill  Supt  with  Utah  Apex  Mining  Co. 

Present  position :  Mill  Supt,  Utah  Apex  Mining  Company. 

yppcBian  Monroe  Dodaon,  Bethlehem,  Pa. 

Proposed  by  Joseph  W.  Bichards,  Henry  8.  Drinker,  Benjamin  L.  MJQler. 

Born,  1877,  Bethlehem.  Pa.  1896-1900,  Lehigh  Univerntv,  Betklefaem,  Pk.  Degree 
B.  S.  1899,  Asst  Chemist,  Nasareth  Portland  Oement  Co.,  Nanii«th.  Pa.  1902,  Hvpt, 
Monroe  Coal  Mining  Co.,  Bamum,  W.  Va.  1903,  Supt.,  Osceola  Coal  dr  Coke  Co.,.  Weuoo 
Coal  &  Coke  Co.,  Omola  MilL  Pa.  1906,  to  date,  Vice  President  and  Manapier  of  Dodioa 
Coal  Co.,  Charles  M.  Dodson  &  Co.,  Locust  Mt  Coal  Co.,  anthracite  mines  m  the  Basel- 
ton-Pottsrille  region. 

Present  position  :  As  above. 

WilUam  Spencer  Blpbiaatone,  Bengal,  India. 

Proposed  by  C.  P.  Perin.  O.  W.  Weld,  A.  F.  BenncfU. 

Bein,  lli79,  Shi^^,  EngUnd.  1890^7,  Nottingham.  1MKM)V,  Derby  and  Shefieki 
UniTersity.  1897-1905,  Deputy -and  Undermanager  at  West  Hattu  Colliery.  1905-07, 
Manager,  Wiafiekl  Manor  OoUiery.  1907-^,  Manager,  Ashgate  Colliery.  1909-11, 
lisRiager,  Bhelaknd  Colliery. 

Present  position :  1912  «o  date.  Chief  Mining  Engineer,  T«U  Ixw  A  Sted  Co.,  Ltd., 
Bengal,  India. 

Bancroft  Oore,  Butte,  Montana. 

Proposed  by  E.  P.  Mathewson,  Frederick  Laist,  N.  H.  Esamons. 

Born,  1879,  AubamdaJe,  Mass.  I90n.  Harrsffd  College,  degree  A.  B.  HKXMO,  AsssTer, 
Feather  Btver  Mining  Ci).,  Bntie  County,  Cal.  1902-05,  Chemist  and  Supt  of  C^aide 
Plant*  Zacatecss  La  •Ceotral  Mining  Co.,  Sacateoa^  Mexico.  l^K)&-66,  Explontion  work 
in  Merioo.  1906-08,  ChemiA,  new  reduction  works  Anaconda  Copper  MiniJB^  Co.,  Ana- 
conda, Mont  1908-13,  Smelter  Snpt,  Compansa  4e  Mines  de  OAre  de  Gatioo,  Qatios. 
Chile. 

Present  position  :  Professor  of  Metallurgy  and  Ore  Drassing,  Montana  Steie  School  of 
Mines,  Butte,  Montana. 

V&oiisr  Canl  Qnihnnu,  Palmerton,  Pa. 

Proposed  ^  H.  a  Hofmnn,  Carte  R.  Sa^wnrd,  iklwat^  E.  Bag^M. 

Been,  1887,  PhiUdelphia,  Pa.  i89<M904,  Cheltenbaa  Mititaiy  Aoadkniy,  Ofeonts,  ^ 
lM4-a9,  liassaehowtto  InstiMe  of  Tedhnology,  Beaton ;  BaoMor  ^  Seienee,  Maaiiv 
Baijneering  mA  M^tallwgy.  MM-lt,  Assayvr,  Chemii*,  and  CUM  Ohente  Ameriosi 
diMlMs  aeenntifls  Company,  VeibuNktta  Smtflter,  Asatno^  DoMingn,  Mesioe.  1911  <o 
dnto,  fittWIoved  ^  New  J«r^  Mm:  Company  of  Pil,  nt  «heir«ttilier  leesMd  at  M- 
ansl0n,  &.;  CbenAst  wntil  fOeb..  Ult,  Zinc  On  1e  DeparUacMt 

PNMnt  yotitiMi :  M«  tide  b«t  in  lli««>paci«7  of  Assisuot OhM  •f  Zine  Onde  Dfeptit- 
ment  (West). 
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Robert  George  Hall,  Kanns  Cit^  Mo. 

Proposed  bj  Bradlej  Stoogbton,  H.  F.  Wiemm,  P.  A.  Moasmaii. 

Bom,  1S72»  Ireland.     1897,  Maao.  InsUtuie  of  Technoloffj,  Bostoo,  (97)  B.  8.  in  Ghem-  ! 

istrj  and  MeUUnrffy.     1897-1901,  Cbemist,  Pueblo  S.  A  K.  Companj  and  AoMfican  S.  A 
K.  Company,  Pueblo,  Colo.     1901-OS,  Mining.     1903-13,  Chemist,  Ami.  Supt.^  Sopl.^  ' 

Qeol.  Manager,  United  Zinc  &  Ckem.  Ca,  Kansas  City,  Mo. 

Present  position  :  Consulting  Metallurgis\  ! 
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Eugene  T.  Hancock,  Washington,  D.  C. 

Proposed  by  £.  W.  Parker,  George  H.  Ashley,  George  O.  Smith. 

Bom,  1875,  Tomah,  Wis.  1896,  Grad  High  School,  Tomah,  Wis.  190U  Grad.  at 
Wisconsin  University;  B.  8.  degree.  1904,  graduate  work  at  Wisconsin  University. 
1903-04,  Wisconsin  Geolo^cal  and  National  History  Survey.     1904-11,  Taught  Geoloff^,  '  t 

Mineralogy  and  Applied  Mining  Geology  in  Michigan  College  of  Mines.  During  this 
time  I  took  three  extensive  trips  throus^h  the  West  studying  most  of  the  important  mining 
districts.    1911-13,  U.  S.  Geological  Survey.  ' 

Present  position;  Associate  Geologist,  U.  S.  Geological  Survey.  ■   * 

« 

Albrecht  Haaaelbiing,  Maspie  Mine,  Ont. 

Proposed  hj  F.  W.  Sperr,  Enoch  Henderson,  W.  £.  Hopper.  •*  ' 

Bora,  1883.  Flint,  Mich.  1901,  Flint  High  School  1906,  Michigan  College  of  Min«B ; 
Degrae  R  M.  1906-07,  Enipneer  and  Chemist  at  North  Freedom,  Wis.,  for  Interoatiooal 
Hirrester  Co.     1907-08,  Mming  ens^ineer  for  Lake  Superior  Corporation.     Mar. -Oct.,  •      ' 

1908,  Manager  of  Mmes  for  Wilbur  Iron  Ore  Co.    1909,  Diamond  drilling.     1910,  Supt.,  , 

Helm  Mine. 

Present  position  :  1911  to  date,  General  Supt.  Mine  Dept.,  Lake  Superior  Corporation,  -^ 

• 

Prank  Joseph  Hirshberg,  Corbin,  Mont.  ^    '  '^ 

Proposed  by  Adelph  Zimmerman,  F.  M.  Smith,  G.  C  Biddell. 

Bom,  1889,  Foit  Benton,  Moat  1895-1906,  Public  and  Hif^h  Schools,  Helena,  Moot 
1906-09,  Michigan  College  of  Mines,  Houghtouw  1909-10,  six  months  post  graduate ; 
Degree  of  Bachelor  ol  Science  and  Engineer  <^  Mines.  1910,  Assayer  with  Bi2>y  Gulch 
Mining  Co.,  Whiteombe,  Mont  1912,  Engineer,  Boston  &  Corbin  Copper  &  Silver  Min- 
ing Co.,  Corbin,  Mont  ^  '  *  ' 

Present  position :  Mining  Engineer,  Boston  &  Corbin  Copper  &  Silver' Mining  Co. 

Leslie  B   Howard,  Lockport,  N.  Y. 

Proposed  by  Bradley  Stoughton,  Albert  Sauveur,  Herbert  M.  Boylston. 

Bom,  ,  Grammar  School  only.    Technical  mostly  self*taught    Short  eoune  in 

Boston  Testing  Laboratories.  1893-97,  New  York  Air  Brake  Co.  1897  to  date,  Simon^ 
Maoafactnrin^  Co. 

Present  position :  Metallurgist  and  Chief  Chemist,  Slmonds  Manufacturing  Co. 

James  Johnston,  Cobalt,  Ontario,  Canada. 

Propo!<ed  by  R.  B.  Watson,  Samuel  W.  Cohen,  B.  H.  Lyman. 

Bora,  1867,  Johnstone,  Scotland.  Johnstone  and  Paisley  public  schools,  science  classes. 
1883-90,  Apprenticeship  as  Mechanical  Engineer  with  John  McDoweU  and  Sons,  Jobnsteoe,  ^ 

Scotland.  1890-91,  Clerk  and  Accountant,  Standard  Bank  of  So.  Africa,  Ltd.,  Cape 
Town.  1891-1913,  with  Charles  Buttera  in  South  Africa,  United  States,  Mexico,  Central 
America,  as  Engineer  and  Manager  of  mininir  companies  ;  during  the  past  15  years  I  have 
been  res^arible  for  the  erection  and  equipment  of  $2,000,000  of  Mining  and  Metallurgical 
Installations. 

Present  position  :  Metallurgical  Engineer,  Nipissing  Mining  Co.,  Ltd.,  Cobalt,  Out 

Harry  Atwood  Kee,  Cobalt,  Ontario,  Canada. 

Proposed  by  R.  B.  Watson,  Arthur  A.  Cole,  R.  H.  Lyman. 

Bom,  1878,  Port  Henry,  N.  Y.  Public  Schools  in  Ci^wn  Point  and  Plattsburyc,  N.  Y. 
1992-93,  Mill  Assay  Offices  at  Combination  Silver  Mg.  Ca  and  Granite- Bi-Metallic  Mg. 
Co.,  Philipsbnrfir,  Mont,  as  helper.  1893-95,  Englehorn  Business  College,  Helena,  Mont.; 
Philipsbuig  High  School ;  Salt  Lake  City,  UUh,  High  School.  1896.  Univeisity  Utah, 
Salt  Lake  City,  Utah.  1900,  Metal  Mining  Course,  I.  C.  S.  1897-1900,  Asst  Chemist 
and  Survevor,  Utah  Consolidated  Mg.  Co.,  Bingham,  Utah.  1900-1902,  Operated  mine 
u)d  mill  leases  on  personal  account,  Bingham,  Utah.  1902-05,  Chemist  and  Foreman, 
Boston  Consolidated  Mg.  Co..  Bingham,  Utah.  1905-06,  General  mill  experience,  Daly 
West  Mg.  Co.,  Park  CSty,  UUh.  1906-07,  Mill  Supt,  Godiva  Mg.  Co.,  Eureka,  Utah. 
1907-08,  Mine  Captain,  Nipissing  Mining  Co.,  Ltd.,  Cobalt,  Ontario,  Canada.  1908-D9, 
Mill  Sapt,  Newhouse  Mines  &  Smelter  Co..  Newhouse,  Utah. 

Pienent  position:  1909  to  «lftte,  Supt,  Xipi<viing  Mining  Co.»  Ltd.,  Cobalt,  Ontario^ 
Caaa(k 
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George  B.  Koch,  Altoona,  Pa. 

Proposed  bj  Hagh  P.  Tiemann,  N.  W.  Zimmerschied,  Bradley  Stoagliton. 

Bora,  Altoona,  Pa.,  1870.  1891,  Rensselaer  Poly.  Institute.  1892,  P.  B.  R.  Mtchins 
Shops.  1895,  P.  B.  R.  Test  I^t. ,  Foreman  locomotive  testing  plant,  Foreman  physical 
laboratory.     1912.  Asst.  Qenl.  Foreman,  P.  R.  R.  Foundries. 

Present  position  :  Qeneral  Foreman,  P.  R.  R.  Foundries. 

Herbert  S.  Kohlberg,  Macdonald  Mine,  Weedon,  Quebec,  Canada. 

Proposed  by  J.  F.  Kemp,  Charles  Berkey,  Alfred  J.  Moses. 

Bora,  1886,  El  Paso,  Tezaa.  Public  School,  El  Paso.  1900-03,  Oberreal  Schnle,  Ger- 
many, 1903-09,  Columbia  University,  B.  S.  College  1907,  E.  M.  1909.  1909,  Surveying, 
etc.  General  Development  Co.,  Miami  Copper  Co.,  New  Planet  Copper  Co.,  ArtBona. 
1910,  Surveyor,  Ray  Consolidated  Copper  Co.  1911,  Maintenance  Dept.  on  constroction 
El  Paso  &  Southwestern  R.  R.  1912,  Engineer  with  Mocteeuma  Copper  Co ,  Nacoiari, 
Sonora,  Mexico. 

Present  position :  Asst.  Supt.,  MacDonald  Mine,  East  Canada  Smelting  Co.,  Weedoo, 
Quebec,  Canada. 

Frederick  Charles  March,  London,  England. 

Proposed  by  Herbert  You  I. 

Bora,  1876,  Westminster.  1892,  Westminster,  Special  Course  of  Mathematics  and  Sci- 
ence. 1896-09,  Railroad  and  General  Engineering,  \f  idland  Works,  Nottingham.  Elected 
member  Institution  Mining  Engineers,  £^gland.  1909-11,  Managing  Inglatem  Tin 
Mines,  Spain. 

Present  position :  Chief  Engineer  for  Messrs.  Harding  Brothers,  Ltd. 

Harry  March,  London,  England. 

Proposed  by  Herbert  Yond. 

Bora,  1869,  Brighton,  England.  Special  Mathematics  and  Science,  Westminster. 
1886-93,  Training,  Civil  and  Mech.  Engineering,  Globe  Works,  Sheffield.  1893-96, 
Training,  Mining  Engineering  and  Inorganic  Chemistry.  189^-99^  Practiced  Mining 
Engineering ;  Manager,  Julia  Copper  Mines,  Spain,  and  Spanish  Kaohn  Estates.  Special- 
icing  in  mining  radio-active  ores  in  varions  parts  of  the  world,  mainly  PortugaL  1907. 
Elected  member  of  Institution  Mining  Engineers,  England. 

Present  position :  Mining  radio-active  ores,  Portugal. 

John  Eugene  McCarthy,  Denver,  Colo. 

Proposed  by  F.  W.  McNair,  F.  W.  Sperr,  W.  E.  Hopper. 

Bora,  1888,  CNeil,  Neb.  1903-07,  East  Denver  High  School,  Denver.  1909-10, 
Michigan  College  of  Mines,  Houghton.  Mich.;  B.  S.  and  K  M.  1910-11,  Foreman, 
Mining  Engineer,  Kittimac  Mines  Co.,  Silverton,  Colo.  1911-12,  Mining  Engineer  and 
Asst.  Supt.,  Hales  Mining  &  Milling  Co.,  Lake  City,  Colo.  1912.  Manager,  McOarthj 
Flotation  System,  Denver  and  Lake  City,  Colo. 

Present  position :  1912  to  date,  Oriental  Mining  Co.,  Lake  City,  Colo. 

Elmer  Theodore  McCleary,  Youngstown,  Ohio. 

Proposed  by  H.  S.  Braman,  William  R  Manning,  C.  J.  Robinson. 

Bora,  1878,  Pine  Grove  Furaace,  Pa.  1895-97,  Carlisle  and  Harrisburg,  IV,  High 
Schools.  1901,  Graduated  Penn.  State  College,  State  College,  Pa.;  degree  B.  S.  1901, 
Diamond  State  Steel  Co.;  Chemist.  1901-06,  Carnegie  Steel  Co.  Ohio  Works;  Chemist 
and  Blast  Furaace  Dept.  1906  to  date,  Youngstown  Sheet  &  Tube  Ca ;  Chief  Chemist, 
Asst  Supt.  Blast  Furaace  and  Steel  Depts-,  Asst  G^nl.  Supt. 

Present  position :  Asst  Genl.  Supt,  Youngstown  Sheet  &  Tube  Co. 

Thurston  Cables  Merriman,  Waterbury,  Conn. 

Proposed  by  William  H.  Baasett,  George  L.  Heath,  John  A.  Capp. 

Bora,  1886,  Bristol,  Conn.  1892-1902,  Bristol  Grammar  and  High  Schools.  1902-03, 
Torrington  High  School.  1905-09,  Mass.  Institute  of  Technology  ;  S.  B.  in  Dept  of  Min- 
ing Engineering. 

Present  position  :  Asst.  Metallurgist,  Americaii  Brass  Co.,  Waterbury,  Conn. 

Professor  G.  A.  F.  Molengraaf,  Delft,  Holland. 
Proposed  by  J.  F.  Kemp,  Charles  P.  Berkey.  E.  O.  Hovey. 
Proi.  Geology,  Ecole  Poly  technique,  Delft,  Holland. 

Henry  Jessup  Packard,  Port  of  Spam,  Trinidad,  B.  W.  L 

Proposd  by  J.  C.  Branner,  D.  M.  Folsom,  G.  H.  Clevenger. 

Bora,  Palmyra,  N.  Y.,  1883.  1897-99,  Palmyra  High  School,  Pfclmyra,  N.  Y.  1905-07, 
Ontario  High  School,  OnUrio,  Cal.  1908-11,  Leland  Sunford  Junior  Univenity.  A.  a  in 
Mining  and  Metallurgy.     1912-13,  Spring  Valley  Water  Co.,  San  Francisco,  Gal.,  Geolo- 
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gut  and  water  measurer.     Leland  Stanford  Jualor  Univendtj,  AmL  Stanford  G^loffioal 
8urve7.    1913,  Assarer,  Orojro  Leoneaa,  Ltd.,  Matagalpa,  Nicaragua.     1913,  Caribbean 
Petroleom  Ca,  Field  Qeoloeist. 
Present  poaition:  Geologist,  The  BermadeE  Co.,  Goanooo,  Venezuela. 

Ernest  F.  Pullen,  Alexo  Nickel  Mine,  Iroquois  Falls>  Ont,  Canada. 

Proposed  bj  Bei^inald  R  Hore. 

Born,  1880,  Oakville,  Ont.  1890-96,  Public  and  High  Schools.  1896-98,  Trinity  Col- 
lege School.  1901-06,  .School  Practical  Science,  University  Toronto ;  Grad.  Mining  En- 
gineering. 1902-03,  Canadian  Copper  Co.,  Creighton  Mine ;  mucker,  drill  helper,  aart. 
mechanic  1906-12,  Engineer  on  Location  and  Construction  and  Bes.  Engineer,  Trans. 
Gont.  By.,  Cochran,  Ont 

Present  poaition :  Manager  and  operator,  Alexo  Nickel  Mines,  Iroquois  Falls,  Ont 

E.  B.  Quigley,  Westville,  Cal. 

Proposed  by  Thomas  T.  Bead. 

Bom,  1860,  Lancaster,  Pa.  1876,  Common  School.  1876-77,  Northern  Illinois  College, 
Fulton,  111.  1881-82,  Assay  office,  Grand  Union  Smelter,  Bico,  Colo.  1883,  Assayer  and 
mill  man,  Santa  Clara  Mill,  Bico,  Colo.  1884-93,  Miner,  Foreman  and  Supt.  of  mines  in 
San  Juan  County,  Colo.  1893-1913,  Owner,  mana^r,  supt,  assayer,  etc.,  of  mines  in 
California.    Four  years  Snpt.  Herman  Mine,  WestTille,  Cal. 

Preseot  poaition :  Manager  and  part  owner,  Black  Canyon  Mine,  Westville,  CaL 

James  Chandler  Ray,  1235  Webster  Street 

Proposed  by  D.  M.  Folsom,  G.  H.  Clevenger,  H.  F.  Bain. 

Bom,  1882,  Duluth,  Minn.  Preparatory  School,  Montclair,  N.  J.  1903-06,  Stanford 
UnlTeruCy,  Geology  and  Mining.  1912-13,  Stanford  University.  1913-14,  Advanced 
work  for  Ph.  D.  1906-07,  Mining  and  Surveying.  1908,  Metallurgical  work  for  Dorsey 
A.  Lyon,  Pittsburg,  Pa.     1909-12,  Farming. 

Present  position :  Advanced  work  in  Geology  for  Ph.  D.  at  Stanford  University. 

William  Augustine  Robertson,  East  Dedham,  Mass. 

Proposed  by  S.  P.  Sharpies,  W.  E.  C.  Eiistis,  A.  H.  Eustis. 

Bora,  1864,  E^t  Boston,  Mass.  Chelsea  Grammar  School.  Kelvin  Copper  Co.,  Kelvin, 
Ariz.    1900-03,  Assayer  and  Promoter. 

Present  position :  1892  to  date,  Mgr.  and  Expert,  Dedham  Pottery  Co.  1909  to  date, 
Vice  Prest  and  Treas.,  Boston  and  Washington  Mining  and  Milling  Co.  1911  to  date, 
Mgr.  Cougar  Mining  &  Milling  Co. 

Edward  Charles  Ryan,  Toledo,  Ohio. 

Proposed  by  J.  R  Bead,  A.  W.  Smith,  Charles  H.  Fulton. 

Bom,  1890,  Qeveland,  Ohio,  1908-12,  Case  School  of  Applied  Science,  Cleveland  ;  B. 
S.  in  Mining  Engineenng.  1912,  Scale  car  operator,  Toledo  Furnace.  1913,  Stockhouse 
foreman  and  blast  furnace  foreman  at  Toledo  furnace.  Member  Pick  &  Shovel  Club  at  Case 
School. 

Present  position  :  Blast  furnace  foreman,  Toledo  Furnace  Co. 

Stanislaus  Skowronski,  Newark,  N.  J. 

Proposed  by  Herman  Garlichs,  Edward  Keller,  K.  W.  McComas. 

Bom,  1881,  Bex,  Switzerland.     1904.  B.  S.,  Mass.  Institute  of  Technology.     1904,  Be- 

Sablic  Bubber  Co.,  Younsstown,  Ohio.     1905-09,  American  Smelting  &  Befining  Co., 
laarer,  N.  J.  1909-12,  C.  L.  Constant  Co.,  New  York  City. 
Presi'nt  position :  Besearch  Chemist,  Baritan  Copper  Works,  Perth  Amboy,  N.  J. 

Charles  Albert  Smith,  Natoma.  Cal. 
Proposed  by  F.  B.  Short,  C.  H.  Munro,  F.  L.  Morris. 

Bom,  1886,  Philadelphia,  Pa.  1912,  Grad.  University  of  California,  Mining  and  Geology. 
1911-12  Asst.  Instructor  Universitv  of  California,  Dept  of  Physics. 
Present  position  :  Asst  Mining  Engineer,  Natomas  Consolidbtted  of  Calif. 

Kurt  Sorge,  Magdeburg- Buckau,  Germany. 

Proposed  by  Dr.  K.  Vogelsand,  Budoif  Franke,  Budolf  Hoffman. 

Bora,  1855,  Zwickau,  Germany.  1861-73,  Public  and  High  Schools,  Zwickau,  Chem- 
nitz and  Dresden.  1873-77,  School  of  Mines,  Freiberg  ;  diploma  Eisenhiitteningenieur. 
1877-79,  Chemical  Engineer,  Illseder  Hutte.  1879-81,  Asst  Manager  High  Furnace 
Dept  Georffsmarienhtttte.  1882-86,  Manager  Bessemer  Dept  jmd  Tire  Boiling  Mill  Osna- 
brucker  StJilwerk.  1886-88,  Consulting  Engineer  in  Metallurgical  Dept  Carl  Spaeter, 
Coblenz.  1888-93,  Gent  Mgr.  Bombacher  Huttenwerke,  Lorraine.  1893-99,  Asst  of  the 
Directorate  of  Fried  Krupp,  Essen-Buhr. 

Present  position  :  1899  to  date.  Member  of  the  Directorate  of  Fried  Krupp,  Essen,  and 
Oenend  Manager  of  Krupp-Grusonwerk,  Magdeburg. 
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Sucsene  Stebin^r,  WaBhingtoOi  D.  C. 

Flopped  by  G.  O.  Smith,  G.  H.  AshUj,  £.  W.  P«rJb«r. 

Born,  1883,  Portland,  Ore.  1889-1902,  Grammar  and  Hiffh  Scfaook^  Portland.  190^ 
05,  Univeruty  of  California,  a>Uege  of  Mines.  1906^7,  UnivMBity  ol  Gbiotgo ;  B.  S. 
degree.  1905,  Yellow  Aster  Me.  Co.,  Bansburg,  Cal.  1906,  Copper  Queen  Mg.  Co..  Bii- 
bee,  Ariz.     1907-13,  U.  S.  GeoL  Surrey.    1910,  five  months^  Iformal  College^  New  York. 

Present  position  :  Associate  Geologist,  U.  S.  Geological  Survey. 

Rupert  Kennedy  Scockwell,  Rancagua,  Chile. 

Proposed  by  Robeeon  T.  White,  R  P.  Fleming,  B.  T.  CoUey. 

Bom,  I86Z,  Birdtoll,  K  Y.  1901-06,  Westinghoose  Electric  A  Mfg.  Co.,  East  PIUb- 
burg,  Pa.;  Draftsman  and  Checker.  1905,  Morgan  Engineering  Co.,  Allianoe,  Ohio: 
DrcStsman  and  Traveling  Inspecting  Engineer.  1906-19O7,  National  Tube  Co.,  McKeeB- 
port  Pa. ;  Oriffinal  Design  Bollinff  Mills  and  Steel  Plants.  1908-10,  Steptoe  Valley 
Smelting  Co.,  McGill,  Nev. ;  in  cnarge  of  Construction  of  Smelter  and  Concoitrator. 
United  States  Smelting  Co.,  Salt  Lake  City  ;  Construction  Engineer.  1910-11,  Tennesne 
Copper  Ca,  Copperhill,  Tenn.  ;  Asst.  Chief  £nfl;ineer,  in  charge  building  Smelter  nod 
AciQ  Plant.  1912,  Bobins  Conveying  Belt  Co.,  New  York  CSty  ;  in  charge  estimating  and 
proposal  designing. 

Present  position  :  Chief  Engineer,  Bcaden  Copper  Co.,  in  charge  design  and  ounstrac- 
tion.  Smelter,  Mill,  Acid  Plant,  etc. 

William  Huff  Wagner,  Santiago,  Cuba. 

Proposed  by  G.  W.  Pfeiffer,  Le  B.  B.  Beifsneider,  Charles  F.  Rand. 

Bom^  1888,  Pottsgrove,  Pa.  1907,  GnkL,  C&me«e,  Ptk.,  High  School  1912,  Grsd., 
Cam^ne  Institute  of  Technology,  Pittsburg,  Pa. ;  Degree,  B.  S.  ia  Mimng  Enimnerii^. 
1907,  Kodman,  Camesrie  Coal  Co.,  Carnegie,  Pa.  1908,  General  surveying,  Hope  Gi» 
Co.,  darksbun?,  W.  Va.  1909,  General  survevLig,  Oliver  Iron  Mining  0[>.,  fiibbbg, 
Minn.  1910-11.  Chemist,  United  States  Bnneao  y:  Standards,  Pittsburg,  Pk.  Oiemiit, 
Annabelle  Coal  &  Coke  Co.,  Annabelle,  W.  Va. 

Present  position  :  1912  to  date,  Asst.  Engineer,  Spa  ilc!i- American  Iron  Co. 

Myron  L.  Fuller,  Boston,  Mass. 

Proposed  by  Frederick  G.  Clapp,  Geor|B[e  H.  Ashley,  M.  B.  Campbell 

Bom,  1873,  Brockton,  Mass.  1892-96,  Mass.  Institute  of  Technology,  Grad.  Couise  i& 
Geology,  degree  S.  B.  1896-99,  Instructor  in  Geology  in  Mass.  Institute  of  Technoloj^. 
189^1907,  Geologist  with  the  U.  8.  Geological  Survey,  Chief  Hydrologist  in  Water  Be- 
sources  Branch.     1907-11,  Prea.  M.  L.  Fuller  Cranberry  Ca,  FoUev-fiammaDd  Co.,  etc 

Present  position :  1912  to  data,  Managing  Geologist,  Eagioeering  Division,  The  Asw- 
ciated  Geological  Eugineen. 

Louie  O.  Huntley,  Pitteborg,  Pa. 

Proposed  by  Frederick  G.  Oapp,  Frederick  Crabtree,  C.  T.  Griswold. 

Bom,  1883,  Michigan.  1908,  Grad.  Mining  En^^tneering,.  Carnegie  Institute  of  Tech- 
nology, degree  B.  S.     1908-10,  Mining  Companies  in  Colombia  and  Ecuador. 

Present  position :  1911  to  date.  Geological  Engineer  with  The  Associated  Geologicil 
Engineers. 

Lloyd  B.  Smithy  Pittsburg,  Pa. 

Proposed  by  Frederick  G.  Clapp,  Frederick  Crabtree,  C.  T.  Griswold. 

Born,  1878*  L«»yville,  Pa.  1894,  Mansfield  Normal.  1902-7,  Pens.  Skate  Coliege, 
B.  S.  and  M.  S.  degrees.  1905-9,  Asst  Professor  in  Geology,  Penn.  Sute  College.  1909-13, 
Instructor  in  Geology,  Carnegie  Institute  of  Technology. 

Formerly  a  member  of  the  Institute. 

Present  position  :  Geological  Engineer  with  The  Associated  Geological  Engineers. 

Associate  Members. 

Herbert  D.  Hawks,  New  York  City. 

Proposed  by  J.  W.  Allen^  A.  C.  Carson,  W.  D.  Thompson. 

Bom,  1874,  Boefaester,  Ohio.  1892,  Grad.,  Columbia  School  of  Mines,  Electrical  En- 
gineering  course ;  Degree  K  E.  Amo.  Member,  American  Instttoto  Elec^teak  fiagiaeeia 
1898-1912,  Worked  for  General  Electric  Ca  in  variooa  eapaeitiei^  slu>p  teatiaf,  eoostiee- 
tion,  enginearingt  and  ennmercial ;  last  10  yean  ooaranicial  engineer  and  saTiaiaaa. 

Present  poaiti«n :  1912  te  datev  CowmerciB)  ongMseor  and  salesfwii^  Umted  Melrif 
Selling  Co. 
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Carl  Sweetland  Reed,  New  York  CitT. 

Propoeed  hj  T.  A.  Gillespie,  Charles  F.  Band,  E.  T.  Gray. 

fiom,  1884,  West  Bloomfield;  N.  Y.  1905,  B.  8  M.  £.,  University  of  Wisoonsiii. 
Junior  Member,  American  Socie|7  of  Civil  Enfineers.  1905-06,  Engineer  in  Ezperi- 
menftal  Dept.  J.  I.  Ctm  T.  M.  Co.,  Racine,  Wis.  1906-07,  Designer,  F.  M.  Preeoott 
Steam  Pump  Co.,  Milwaokee,  Wis.  1907-11,  Engineer,  and  Salesman,  and  Western 
Bepreaentative,  American  Locomotive  Co.    1912,  Eastern  Sales  Manage,  Bocyros  Co. 

Present  position  :  Vice-President,  General  Equipment  Co. 

Junior  Members. 

Charles  L.  Annett,  Boise,  Idaho. 

Proposed  by  R.  S.  McCaffery,  C  A.  Stewart,  Francis  Jenkins. 

Bom,  1885,  Spencer,  Iowa.  1909-13.  Stadent  in  Mining  at  University  of  Idaho.  1911, 
and  1912,  3  montiis  each  at  Greyhouna  Mine,  Caster  County,  Idado.  1913,  3  months  at 
Silver  City  Mining  &  Milling  Co.,  Silver  Citv,  Idaho. 

Present  position :  Stadent  at  Univ.  of  Idaho. 

John  William  Johnson,  Moscow,  Idaho. 
Proposed  by  R.  S.  McCsJffery,  C.  A.  Stewart,  Francis  Jenkins. 

Bora,  1886,  Rexbnrg,  Idaho.     1908,  Underground  woik  with  Joe  Dandy  Mg.  Co.,  Crip- 
ple Creek,  Colo.     1911  and  1913,  3  months  each  with  Federal  Mining  Co.,  MaTlan,  Idaho. 
Present  position :  Senior  student  in  Mining,  University  of  Idaho. 

Orville  H.  Pierce,  Salt  Lake,  Utah. 

Proposed  by  Robert  H.  Bradford,  Robert  S.  Lewis. 

Bora,  1889,  Nebraska.  190&-12,  University  of  Nebraska ;  A.  B.  1912-13,  Grad. 
Stadent  Dept.  of  Geolo^,  University  of  Nebraska.  Summer,  1911,  U.  S.  A.  Water  Sup- 
ply, Yellowstone  NaU.  Fark.  Summer,  1912,  U.  S.  Geological  Survey  Lignite  Coal  Fields. 
Summer,  1913,  Nebraska  Geological  Survey. 

Present  position :  Fellow,  Utah  School  of  Mines. 

Bert  P.  Smitb,  Moscow,  Idaho. 

Proposed  by  R.  S.  McCafferv,  C.  A.  Stewart,  Francis  Jenkins. 

Bora,  1889,  Livmool,  England.    Summers  of  1907  to  1913  inclusive)  Greyhound  Min- 
ing &  Millmg  Co.,  Ltd.,  Custer  County,  Idaho. 
Present  position :  Senior  Student  in  Mining  at  University  of  Idaho. 

Walter  Preafton  Scott,  Moscow.  Idaho. 
Ph)posed  by  R.  &  McCaffery,  C.  A.  Stewart,  Francis  Jenkins. 

Bon,  1890,  Tienkm,  Mo.    1912,  Summer,  Bunker  Hill  A  Sullivan  Mining  Co.,  Kellogg, 
Idaho.    191Si,  3  moatbs  underground  work,  Heda  Mining  Co.,  Burke,  Idaho. 
Present  position  :  Senior  Stadent  in  Mining  at  the  University  of  Idaho. 

Chamgeb  or  Address  op  Members. 

The  following  changes  of  address  of  members  have  been  received  at  the 
Secretary's  office  during  the  month  of  October,  1913.  This  list,  together 
with  the  lists  published  in  Bulletin  Nos.  76  to  82,  April  to  October, 
1913,  and  the  foregoing  list  of  new  members,  therefore,  supplements  the 
annual  list  of  members  corrected  to  Mar.  1,  1913,  and  brings  it  up  to  the 
date  of  Nov.  1,1913. 

Aldebsok,  Victor  C. 1043  Emerson  St,  Denver,  Colo. 

Allsk,  Hot  H Instracted  to  hold  all  mail. 

AicsDEN,  F.  F Jackson  Iron  <&  Steel  Co.,  Jackson.  Ohio. 

Asmas,  Miltiadri  Th 48  Blvd.  Emile  Augier  48,  Paris  (16e),  France. 

Backu{s  Georgs  S P-  ^-  Box    16,  LeadviUe,  Colo. 

Bacobit,  Frederick  W W.  Ansdn,  Mich. 

Beal,  Latham  O P.  O.  Box  370,  Dunedin,  New  Zealand. 

BiLLiN,  Chableb  E 744  Lincoln  Parkway,  Chicago,  lU. 

Body,  J.  Francis The  Beinforcement  Co.,  49  W.  27th  St.,  New  York,N.  Y. 

BoBDEAUX,  A.  F.  J 29  Rue  Faucigny,  Fribourg,  Switzerland. 

BoRiE,  ApoLFHR  F. Taylor  Iron  &  Steel  Co.»  30  Church  St,  New  York,  N.IY. 

Brady,  Jamits P.  O.  Box  .^8,  Golden,  B.  C,  Canada. 

Bbisdle,  a.  St.  C Suite  510,  Belmont  Block,  Victoria,  B.  C,  Canada. 
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BrowN)  J.  J.,  Jr.,  LeBchen  Oil  &  Gas  Co.,  420  National  Bank  of  Commerce  Bldg., 

St  Louis.  Mo. 

BuTLSR,  Mbl  G ...Univeraity  Station,  Seattle,  Wash. 

OooPEB,  John  H 428  W.  49th  St,  Los  Anjjeles,  Cd. 

CoBWiK,  Frank  A P.  O.  Box  1266,  Oifton,  Arii. 

Cbabt,  Charles  H. Care  Wm.  Crary,  Valdec,  Alaska. 

Dakin,  F.  H.,  Jr :..2e8  Market  St,  San  Francisco.  CaL 

Damon,  George  G 5748  Kimbark  Ave.,  Chicago,  lU. 

Daniel,  WiiiLiAM  B 14  Mesa  Ave.,  Piedmont,  Gal. 

Dayib,  James  C 1101  McCormick  BIdg.,  Chicago,  111. 

Dewey,  William  P 1031  W.  20th  St,  Loe  Angeles,  Gal. 

Dickinson,  Edmund  S.,  Min.  £ngr Bates  Mine,  Iron  River,  Mich. 

Dingwall,  W.  B.  A Care  Dr.  H.  £.  Nolan,  San  Luis  Potosl,  S.  L.  P.,  Mexico. 

Dixon,  Alexander  G 82  Beaver  St,  KewYork,  N.  Y. 

EHiERfi,  Karl 436  Riverside  Drive,  New  York,  N.  Y. 

Elmer,  William  W Blake-McFall  Bldg.,  Portland,  Ore. 

Evans,  Milton  B Jenkins,  K7. 

Erdlets,  J.  F.  B.,  Jr 341  Salisbury  House,  London,  £.  C,  England. 

Eveland,  Arthur  J 42  Broadway,  New  York,  N.  Y. 

Fenner.  Charles.  H 463  Hartford  Ave.,  Los  Angeles,  Ctl. 

Ferguson,  Claude. Universal  Oil  Co.,  Wasco,  KemCo.,  CaL 

FiNLET.  Walter  H Losmont,  Ky. 

Forbes,  Donald  G Shillingstone,  Blandfora,  England. 

Gahl,  Rudolf Ilaritan  Copper  Wks.,  Perth  Amboy,  N.  J. 

Gard,  Irving  R 447  Vermont  Place,  C  lumbus,  Ohio. 

GiBBS,  George.  H.,  Steel  Wks.  Engr.  and  Mgr..  Frodingham  Iron  &  Steel  Co., 

Scunthorpe,  England. 
GoDLEY,  Geo.  McM.,  Vice-Prest,  Linde  Air  Product  Co.,  42d  St  Bldg.,  New  York,  N.Y^. 

Graham,  Stanley  N Nova  Scotia  Technical  College,  Halifax,  N.  S.,  Canada. 

Griffin,  P.  H 36  Washington  Sq. ,  W.,  New  York,  N.  Y. 

Griswold,  Leon  S 63  State  St,  Boston,  Mass. 

Hamilton,  Frank  C 316  W.  Overland  St,  El  Paso,  Texaa. 

Hamilton,  W.  R 433  California  St ,  San  Francisco,  CaL 

Hance,  James  H 6703  Drexel  Ave.,  Chicago,  III 

Hawxhurst,  Robert,  Jr Lincoln  Ave.,  Morsemere,  K.  J. 

Hill,  Charles  R Braden  Copper  Co.,  Rancagua,  Chile,  So.  America. 

HoLBROOK,  Elmer  A.,  Asst  Prof.  Min.  Engrg Universitv  of  111.,  Urbana,  III 

Holden,  Edwin  C University  01  Wis.,  Madison,  Wis. 

Jackson,  J.  Howard Care  Jackson  &  Co.,  Temple  Bldg.,  Brantford,  Ont,  Canada. 

Jones,  Owen Instructed  to  hold  all  mai). 

.Jul,  Pao  yuno Hunan  Polytechnic  Inst,  Changsha,  Hunan,  China. 

Kent,  Joseph  F Huntington,  W.  Va. 

Knowles,  Silas  A Witherbee,  Essex  Co.,  N.  Y. 

EwANO,  E.  Y.,  Engr.  and  Dir Lincheng  Mines,  Linchen^,  via  Peking,  North  China 

Landers,  William  H Genl.  Mgr.  Quicksilver  Mining  Co.,  New  Almaden,  Cal- 

Lanoley,  Seth  S Vicksburg,  Arii. 

Lass,  Will  P.,  Cyanide  Supt,  Alaska  Tread  well  Gold  Mining  Co.,  Treadwell,  Alaska. 
Laucks,  Irving  F.,  Min.  and  Met  Engr.,  Falkenburg  &  Laucks,  96  Yester  Way, 

Seattle,  Wash. 
Later Y,  Vaughan  M.,  Supt  of  Mines,  Canadian  Veneauela  Co., 

Care  S.  A.  Stephens,  Real  Estate  Trust  Bldg.,  Philadelphia,  Pa 

Lindau,  S.  Paul Johnnie  Mining  &  Milling  Co..  Johnnie,  Nev. 

LiNViLLE,  Clarence  P South  Amboy,  N.J. 

Loram,  Sydney  H Care  Glbbs&Co.,  Valparaiso,  Chfle,  So.  America. 

LucKE,  Percy  K 28  Huntley  Gardens,  Glasgow,  Scotland. 

McCreery,  J.  Harold Room  1772,  60  Church  St,  New  York,  N.  Y. 

McEeb,  William  C,  Genl.  Supt.  Furnaces Thomas  Iron  Co.,  Hokendauqua,  Pa. 

Magbe,  James  F 636  W.  114th  St,  New  York,  N.  Y. 

Main  WARING,  H.  M.  C,  Mine  Mgr Chillafoe,  Ltd.,  Chillagoe,  Queensland,  Australia. 

Mann,  William  S Valle  de  Angeles,  Honduras,  Central  America. 

Mason,  Russell  T 2142  W.  30th  St,  Los  Angeles,  Cal. 

Maurice,  Joseph,  Cons.  Engr 12  Rue  du  Havre,  Paris,  France. 

MiLou,  Henri 46  Boulevard  Victor,  Paris,  France. 

Moule,  John  W.,  Supt  of  Treatment  Wka,  Mount  Morgan  Gold  Mining  Ca,  Ltd., 

Mount  Morgan,  Queenidand,  Australia. 
MuDD,  Seeley  W., 1298  Hollingswortn  Bldg.,  Los  Angeles,  Qal. 
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MuRFHT,  Edwabd  M 208  Sooth  Ave.,  Wikensbarg,  Pa. 

Nack,  Chaklbb. G22  W.  18th  St.»  Los  Aneeles,  Cal. 

Nawatkt,  W1L.IJAMF. .Cnba,  Mo. 

Newman,  Maubtcx  A Vantrent  Mining  Co.,  Vantrent,  Placer  Co.,  Cal. 

N0BBI8,  R.  Van  A.,  Jr 119  College  St. ,  New  Haven,  Conn. 

Paoe,  Edwin  R Qauley  Mountain  Coal  Co.,  Ansted,  W.  Va. 

Palmes,  Charles  H.,  Jr 1116  W.55th  Street,  Los  Angeles,  Cal. 

Parsons,  Lewis  A Copper  Cliff,  Ont,  C^ada. 

Patmal,  Geobob  W.,  Min.  Engr.  and  Met Leeland,  Ney. 

Petebson,  Frank 622  L  N.  Van  Nnjs  Bldg.,  Los  Angeles,  Cal. 

PowBL,  GtodwinH Mount  Carbon  Co.,  Ltd.,  Powellton,  Fayette  Co.,  W.  Va. 

Prighard,  William  A.,  Min.  Engr Room  210,  255  California  St.,  San  Francisco,  Cal. 

Rea,  William  J 1121  Farmers  Bank  Bids.,  Pittsbarg,  Pa. 

Redfeark,  Albert  M.,  Mill  Supt Primes  Chemical  Co.,  Vanadium,  Colo. 

Reed,  Alfred  C Cuba  Railroad  Co.,  Camaguey,  Cuba. 

Reno,  Jebse  W Otis  Elevator  Co.,  11th  Ave.  and  26th  St.,  New  York,  N.  Y. 

RoDOEBS,  Mtbon  K 4818  Normandie  Ave.,  Los  Angeles,  CaL 

Rosa,  Edward  P 119  W.  2d  St..  Duquesne,  Pa. 

BowAND,  Lewis  G Manhattan  Ave.,  Seagate,  N.  Y.  Harbor,  N.  Y. 

ScHUETTENHELM,  JoHN  B Thompson,  Nev. 

Sbip,  Robert  H 19  W.  Jackson  St.,  Wilkes-Bane,  Pa. 

Selbie,  Charles  C 62  N.  Meredith  Ave.,  Pasadena,  Cal. 

Smith,  Charles  H 55  Liberty  St.,  New  York,  N.  Y. 

Smith,  Reuben  E.,  Chief  Tech.  Asst  to  Genl.  Mgr ,  Lena  Goldfields,  Ltd., 

Madejdinskj  station,  Bodaibo,  Siberia. 

Smith,  Sydney Haileybnrj,  Ont,  Canada. 

Sqitires,  Howard  W 2722  N.  9th  St,  Los  Angeles,  Cal. 

Stavee,  William  H 1819  N.  Nevada  Ave.,  Colorado  Springs,  Colo. 

SuQiMOTO,  IsuDZ,  Engr.  to  the  Fa rukawa  Mining  Co Tokyo,  Ja|MiD. 

Sweetser,  Arthur  L Puerto  Barrios,  Guatemala,  Central  America. 

Thompson,  Malcx>lm  M Morsemere,  Bergen  Co.,  N.J. 

Thbockmorton,  H.  W Palace  Hotel,  San  Immcisco,  Cal. 

Trischha,  Carl Cananea  Cons.  Copper  Co.,  Cananea,  Son.,  Mexico. 

Utley,  Howard  H 602  Ideal  Bldg.,  Denver,  Colo. 

Van  Valkenburg,  R.  D.,  Treas.  Mechanical  Handler  Co.,  27  Green  St,  Hudson,  N.  Y. 

Van  ZwALUWENBURO,  A Peregrina  M.  &  M.  Co.,  Guanaiuato,  Gto.,  Mexico. 

Wallis,  H.  Boyd P.  O.  Box  26,  Duncan,  Vancouver  Island,  B.  C,  Canada. 

Watson,  Frank  W.,  Mgr , Mikado  Mine,  Gilmore,  Idaho. 

Weld,  C.  M 66  Broadway,  New  York,  N.  Y. 

Webtervelt,  £.  W.,  Braden  Copper  (>).,  Rancagua,  Chile,  So.  Amer. 

Williams,  Fred  F 1361  Stratford  Ave.,  Salt  Lake  City,  Utah. 

Wood,  Carl  L. 984  Front  St.,  Toledo,  Ohio. 

Young,  Carl  D Tower  City,  N.  D. 
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Necrology. 

The  death  of  the  following  member  was  reported  to  the  Secretary's 
oflBce  during  the  month  of  October,  1913 : 

Date  of 
nection.  Name.  DateofOeoeaae. 

1896    wKatsura,  Yoichi June  16,  1913. 

^  ^M^m—^m  M-j    _i-^MJi  _  ■  ■  — «  ,  ■  ■  ,1  !■■■-■  ■_j.|-    — i^— ' 

**  Life  Member. 
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STANDING  COMMITTEES. 


CHARISS  F.  BAND,  Chairman. 

JAMJG8  F.  KEMP,  JOSEPH  W.  KICHASD8, 

ALBSBT  R.  LBDOUX,  BENJAMIN  B.  THAYBB. 

Membership, 

BENJAMIN  B.  THAYER,  ChabrmoH. 

KARL  EILERS.  JOHN  H.  JANEWAT,  JB., 

JOHN  D.  IRVING,  HERMAN  A.  PROfiSBR. 

Fimmee. 


KARL  EILERS, 


EDWARD  L.  YOUNG,  Chairman. 

JAMES  GAYLBY. 

Library, 

JAMES  F.  KEMP,  Chairman.^ 

JOHN  HAYS  HAMMOND,*  E.  GYBBON  SPIL8BURY,* 

ALEX.  C.  HUMPHREYS,*  BRADLEY  8T0UGHT0N. 


BRADLEY  STOUGHTON,  Ch. 
PHILIP  ARGALL, 
LEONARD  S.  AUSTIN, 
JOHN  BIRKINBINE, 
WILLIAM  H.  BLAUVELT, 
JOHN  C.  BRANNER, 
DAVID  W.  BRUNTON. 
GELA8I0  CAETANI, 
WILLIAM  CAMPBELL, 
ALBBRT  E.  CARLTON, 
ALLAN  JAY  CLARK, 
NATHANIEL  H.  EMMONS 
JOHN  W.  FINCH, 
CHARLES  H.  FULTON, 


Papers  and  PniUicathns. 

JAMES  GAYLEY, 
C.  WILLARD  HAYES, 
HEINRICH  O.  HOFMAN, 
HENRY  M.  HOWE, 
LOUTS  D.  HUNTOON, 
JAMES  F.  KEMP, 
CHARLES  KIRCHHOFF, 
CHARLES  K.  LEITH, 
RICHARD  MOLDSNKB, 
SBBLKY  W.  MUDD, 
HENRY  S.  MUNEOB, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 


ROSSITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 
ROBERT  H.  RICHARDS, 
HEINRICH  RIES, 
£.  F.  ROBBER, 
RENO  H.  SALES, 
ALBERT  SAUVEUR, 
CHARLES  H.  8HAMBL, 
HENRY  L.  SMYTH» 
GEORGE  C.  STONE. 
RALPH  H.  SWEBT8BR, 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON. 


NOMINATING  COMMITTEE. 

JOaN  HAYS  HAMMOND,  Chtdrman. 
FREDERICK  G.  COTTRBLL,  JAMES  W.  MALOOLBfSOK, 

CHARLES  W.  GOODALK,  RICHARD  S.  McCAFFERY, 

CHESTER  F.  LEE,  ROBERT  H.  RICHARDS. 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP. 

ADOLPHE  E.  BORIE,  Chairman, 
THOMAS  T.  READ,  Seardary,  Woolworth  Bldg.,  New  York,  N.  Y. 


JOHN  H.  ALLEN, 

RICHARD  M.  ATWATER,  Jr., 

GEORGE  D.  BARRON, 

A.  CHESTER  BEATTY, 

J.  PARKE  CHANNING, 


Vice-chairmen. 


GEORGE  M.  COLVOCORBSSBS, 
ROBERT  PEELE. 
CHARLES  P.  PERIN. 
JOSEPH  A.  VAN  MATER, 
ARTHUR  L.  WALKER. 


D.  C.  BARD, 

W.  DK  L.  BENEDICT, 
JOHN  C.  BRANNER, 
PALMER  CARTER, 
ALLAN  JAY  CLARK, 
C.  R.  CORNING, 
F.  CRABTREE, 
GEORGE  G.  CRAWFORD, 
O.  C.  DAVIDSON, 

E.  V.  D'INVILLIERS, 
JAMES  S.  DOUGLAS, 
WALTER  DOUGLAS, 
HOWARD  N.  EAVENSON, 
HOWARD  ECKFELDT, 


R.  C.  GEMMELL, 
F.  LOUIS  GRAMMER, 
ERNEST  A.  HER8AM, 
EDWIN  C.  HOLDEN, 
WILLIAM  L.  HONNOLD, 
REGINALD  E.  HORE, 
TEDA8HIR0  INOUYE, 
C.  COLOOCK  JONES. 
EUGENE  P.  KENNEDY, 
CHESTER  F.  LEE, 
RICHARD  S.  McCAFFERY, 

JAMES  F.  McClelland, 

MILTON  H.  MCLEAN, 
PHIUP  N.  MOORE, 


T.  H.  O^BRIEN, 
JAMES  J.  ORMSBEE, 
EDWARD  W.  PARKER, 
JOHN  B.  PORTER, 
F.  DANVERS  POWER, 
R.  M.  RAYMOND, 
ROBERT  H.  RICHARDS, 
LlROY  SAI^ICH, 
HENRY  LLOYD  SMYTH. 
F.  W.  TRAPHAGEN, 
ELTON  W.  WALKER, 
CHO  YANG. 
MORRISON  B.  YUNG. 


» Until  Feb.,  1914.    « Until  Feb.,  1915.    »Until  Feb.,  1916.     *  Until  FeK.  1917. 


AMsiscAir  IntsninTi  o«  Mnrmft  Birenr«iRS. 
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Sew  Y<»k. 


IXMHS  J).  HUNTOOM, 
ARTHUR  8.  DWIQHT,  Vtce-Chatrwian, 
THOMAS  T.  RRAD,  Aoorvtary.  Woolworth  Bldg.,  New  York,  N.  Y. 

S.  MALTBY  8HIPP,  Treamtrtr. 
OBOROE  F.  KUN2,  W.  Dl  L.  BBHVDIICT. 

Boiion. 

ROSERT  H.  RICHARDS.  Chafrman, 
ALBKRT  8AUVEUR,  VUse-Chalrman. 
AUGUSTUS  H.  EUSTIS,  Secretary-Dreatmrert  181  State  8t,  Boston,  Mnm. 
TIMOTHY  W.  8PRAGUE,  HENRY  A.  WENTWORTH. 

Sp^htme. 

RSCHARD  «.  MoCAFFBRY,  Clrtwmu 
OUIKVILL&A.  OOLUNB,  V^ee-Ckabiium. 
LY1IIX>K  K.  ARMSTBOIIfi,  Seorttant-Treiuurer,  P.  0.  Dntwer  2tt4,  Spokane,  WMk. 
FRANCIS  A.  THOMSON,  JAMVS  F.  KcGARTBT. 

Piigei  Sound, 

CHESTER  F.  LEE,  Chainnan. 
C.  R.  CUkOHORN,  V^te-Otatnman, 
JOSEPH  DANIELS,  a'inifciry  9mtmm ,  UbIt.  «f  Weabington,  Seattle,  Wash. 
W.  a  BUTLnt,  M.  K.  ROBGERjff. 

Southern  Oalifomia, 

THIBODORE  B.  COMSTOCK,  Chairman. 

8X3ELEY  W.  MUDD,  VUs$-€halrman, 
FREDERICK  J.  H.  MERfiH^L,  Secretary- IVeoMcrvr,  800  Germain  Bldg^  Los  Ai«eLee,  CaL 
C.  OOLOCMX  JONC8,  FRANK  ROBBtVS. 

Oolorado, 

WILLIAM  J.  COX,  Chairman. 
CHARLES  J.  MOORE,  VtceChairman. 
C.  LORIMER  COLBURN,  Secraary-Trtanunar,  614  Ideal  Bldg.,  Denver.  Colo. 
THOMAS  B.  STEARNS,  RICHARD  A.  PARKER. 

Montana. 

E.  P.  MATHBWSON.  doinnim. 
FRANK  M.  SMITH,  Vtee-Ohtikmmi. 
D.  €.  BARD,  Sserefory,  Montana  Stale  8«liool  ef  Mines,  Batte,  Mont 
JAMES  L.  BRUCE,  OSCAR  R<>HN. 


I    * 
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H.  FOSTER  BAIN, 
EDWARD  fi.  BENJAMIN, 


San  Franoimo  Oommitkee, 
8.  B.  CHRISTY,  Chairman. 

F.  W.  BRADLEY. 


H.  C.  HOOVER. 
WILLIAM  C.  RALSTON, 


iSL  Lomit  CmMmtiktt. 

HBBfintr  A.  w 


FIRM  IN  ▼.  BflSLOGC, 
HABRY  A.  GU«B, 


WRLTBR  B»  UUOmVt. 


PmiAP  N.  MOORS, 
HARRY  B.  STORK, 
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TECHNICAL  COMMITTEES. 

Iron  and  StuL 

ALBERT  SAUVEUR,  Chairman, 
A.  A.  STEVENSON,  Vke-Chabvum, 
HERBERT  M.  B0YL8T0N.  Aeretory,  Abbot  Bldg.,  Hanrard  8q.,  Cambridge,  Maw. 


JOHN  BIRKINBINE, 
WILLIAM  H.  BLAUVBLT, 
JAMES  GAYLEY, 
HENRY  D.  HIBBARD. 
HENRY  M.  HOWE, 
ROBERT  W.  HUNT, 
J.  £.  JOHNSON,  Js., 
WILLIAM  KELLY. 
CHARLES  KIRCHHOFF, 
RICHARD  MOLDENKE, 


JOSEPH  W.  RICHARDS, 
C.  F.  W.  RYS, 
E.  QYBBON  SFII^BURY 
J.  S.  UNQER, 
PEUX  A.  VOOEL, 
LEONARD  WALDO, 
WILLIAM  R.  WALKER, 
WILLIAM  R.  WEBSTER. 
FREDERICK  W.  WOOD. 


iVeeioiu  and  Base  Metals, 


CHARLES  W.  GOODALE,  Chairman, 
L.  D.  RICKETTS,  Vlee'Chalrman. 
DARBIE  C.  BARD,  aterttary^  Montana  State  School  of  Mines,  Butte,  Mont. 


LEONARD  8.  AUSTIN, 
DAVID  W.  BRUNTON, 
THEODORE  B.  COMSTOCK, 
STANLEY  A.  EASTON, 
SAMUEL  8.  FOWLER, 
THOMAS  J.  GRIER, 
HENNEN  JENNINGS, 


EDMUND  B.  KIRBY, 
CEULRLB8  W.  MERRILL, 
WILLET  G.  MILLER, 
ALBERT  F.  SCHNEIDER, 
GEORGE  C.  SXONE, 
BENJAMIN  B.  THAYER. 


Mining  Otology, 

JAMBS  F.  KEMP,  CMrman, 
JOHN  W.  FINCH,  VlOB-Ckabrman,  R.  A.  F.  PENROSE,  Jb.,  Hee-CtaHwi. 

L.  C.  GRATON,  Skertiary,  Harvard  Geological  Museum,  Cambridge,  Mass. 

RALPH  ARNOLD,  EZEQUIEL  ORDONEZ, 

H.  FOSTER  BAIN,  WILUAM  B.  PHILLIPS, 

JOHN  M.  BOUTWELL,  JOSEPH  H.  PRATT, 

H.  A.  BUEHLER,  HEINRICH  RIES, 

MARIUS  R.  CAMPBELL.  RENO  H.  SALES, 

WILLIAM  H.  EMMONS,  WILLIAM  G.  SHARP, 

HENRY  LANDES,  CHARLES  H.  SMYTH,  JR.. 

ALFRED  C.  LANE,  HENRY  L.  SMYTH, 

CHARLES  K.  LEITH,  J06IAH  E.  SPURR. 
R.  V.  NORRIS, 

Mining  Methods. 

DAVID  W.  BRUNTON,  ChtOnnan, 

H.  C.  HOOVER,  Vioe-ChaiTman,  F.  W.  DENTON,  Vios-Chaisman, 

J.  F.  MCCLELLAND,  aeeretary.  Drawer  C,  Yale  Station,  New  Haven,  Conn. 


TRUMAN  H.  ALDRICH, 
R.  B.  BRINSMADE, 
DOUGLAS  BUNTING. 
LOUIS  S.  GATES, 
CHARLES  CATLETT, 
R.  M.  CATUN, 
J.  PARKE  CHANNING, 
CHARLES  A.  CHASE. 
S.  B.  CHRISTY, 
F.  W.  DENTON, 
E.  V.  D'lNVILUERS, 
STANLEY  A.  EASTON, 


J.  R.  FINLAY. 
R.  C.  GEMMELL, 
JOHN  GILLIE, 
HARRY  A.  GUESS, 
THOMAS  J.  GRIER, 
JOSEPH  A.  HOLMES. 
WILLIAM  L.  HONNOLD, 
JAMES  E.  JOPLING. 
ROBERT  A.  KINZIE. 
C.  B.  LAKENAN, 
THOMAS  H.  LEGGETT, 
JAMES  MAC  NAUGHTON, 
SEELEY  W.  MUDD, 


H.  8.  MUNROE. 
W.  J.  OLCOTT, 
JOHN  B.  PORTER, 
MILNOR  ROBERTS, 
OSCAR  ROHN, 
W.  L.  SAUNDERS, 
H.  L.  SMYTH. 
ARTHUR  THACHER, 
B.  W.  VALLAT, 
SAMUEL  D.  WARRINBE, 
GEORGE  WEIR, 
BULKLEY  WELLS. 


FRANCIS  O.  BLACKWELL, 
CHARLES  W.  GOODALE, 


The  Use  of  Eiectrieity  in  Mines, 

WILLIAM  KELLY,  Chairman, 
JOHN  LANGTON,  LOUIS  S.  NOBLE, 

THOMAS  H.  CeGGETT,  DAVID  B.  RUSHMOBE. 

FREDERICK  W.  O'NEIL. 


Amx&ioak  Ikbtitittb  Of  MiNnre  £n0ivxbbs. 


Jftnifi^  Xaw. 

HOBACB  V.  WIKCHELL,  C»airmaru 
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Applied  Geology  in  the  Butte  Mines. 

BV    PBANE    A.    UMPORTH,    BtJTTB,    MOtTT. 
(BalU  HmUDg.  Adfuil,  191S.) 

[he  object  of  this  paper  is  to  present  a  brief  outline  ol  the  methods 
geolopc  mapping  employed  in  the  Geological  Department  of  the 
aconda  Copper  Mining  Co.,  at  Butte,  and  to  ahow  by  means  of  a 
'  typical  examples  the  practical  nature  of  the  results  obtained. 
e  extremely  eomplic8t«d  geological  conditions  early  encountered 
Butte  mining  led  mine  operators  to  realize  the  necessity  of  accn- 
;  detailed  geologic  mapping  as  an  aid  to  successful  development  of 
ore  bodies.  The  organization  of  the  Anaconda  Geological 
jartment  was  undertaken  in  1900  by  H.  V.  Winchell,  who,  in 
junction  with  D.  W.  Brunton,  worked  out  the  essential  methods 
procedure  which  are,  in  the  main,  followed  at  the  present  time. 
ce  the  year  1906  the  geologic  work  has  been  under  the  direction 
Reno  H.  Sales,  and  in  some  respects  the  scope  of  the  work  has 
D  slightly  enlarged.  An  excellent  article  describing  the  general 
ipment  of  the  geological  department  was  presented  by  D.  W. 
inton  at  the  British  Columbia  meeting  of  the  Institute  in  1905.' 

idea,  that  data  collected  underground  and  recorded  should  be  put 
)ractical  use  and  not  remain  a  mere  "  inventory  of  the  company's 
lerground  possessions,"  is  the  keynote  to  the  success  of  applied 
logy  in  Butte. 

'he  geologic  notes  are  taken  as  soon  as  possible  after  the  ground 
)roken  so  that  any  mistake  in  the  mining  may  be  corrected  at 
e,  or  any  particularly  advantageous  procedure  may  be  suggested 
>re  any  aseless  work  is  done.  Taking  the  notes  underground  is  a 
iparatirely  simple  matter,  but  a  few  necessary  precautions  may  be 
ited  oat.  The  essential  to  success  is  that  the  notes  shall  show 
::tly  what  geological  facts  are  disclosed.  The  observer  must  dis- 
linate  carefully  between  important  and  unimportant  exposures  in 
cing  the  record,  especially  as  regards  the  relation  between  veins 

stringers,  between  faults  and  minor  slips,  or  between  the  charac- 
jtics  of  veins  of  different  ages.  A  simple  color  scheme  has  been 
pted  for  making  this  record.     Red  pencils  are  used  to  indicate 

>  Trant.,  zxitL,  508  (1906). 
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vein  filling,  which  may  be  ore,  barren  pyrite,  in  fact  any  metallic 
minerals  or  quartz,  and  the  record  of  the  minerals  present  is  found 
in  the  written  notes.  Blue  coloring  indicates  evidence  of  faalting, 
either  as  the  definite  planes  of  movement  or  the  crashed  granite  re- 
sulting from  such  movements.  The  sketches  are  always  supplemented 
with  copious  notes  as  to  the  dip  and  strike,  character  of  mineraliza- 
tion, and  condition  of  the  surrounding  granite.  A  loose-leaf  system 
has  been  adopted  for  the  notes,  which  allows  keeping  them  in  the 
form  of  a  card  index.  The  scale  used  for  the  notes  is  40  ft  to  the 
inch,  although  20  ft.  to  the  inch  is  found  to  be  a  better  scale  in  places 
where  the  detail  is  especially  complicated. 

In  the  office  the  principal  working  maps  are  drawn  to  a  scale  of  40 
ft.  to  the  inch.  They  are  prepared  on  tracing  cloth,  one  level  to  a 
sheet,  and  made  to  register  perfectly  with  each  other.  The  notes  are 
platted  on  these  sheets  as  soon  as  the  surveys  are  posted,  and  the 
same  color  scheme  is  used  as  that  for  the  original  notes.  After  each 
platting,  these  maps  are  studied  in  conjunction  with  all  the  recorded 
data  of  that  particular  vicinity,  and  ideas  for  future  development  or 
for  alterations  of  the  present  plan  suggest  themselves.  The  details 
studied  on  these  maps,  which  often  lead  to  useful  suggestions  under- 
ground, are  such  matters  as  the  position  of  a  block  of  drag  ore  at  the 
intersection  of  a  fault  and  a  vein ;  the  sudden  change  in  the  character 
of  a  vein ;  the  relation  of  dip  and  strike  of  a  vein  to  those  of  a  fault 
cutting  it,  and  the  correlation  of  faults,  veins,  and  ore  shoots  from 
level  to  level. 

A  set  of  maps  drawn  to  a  scale  of  100  ft.  to  the  inch  is  also  main- 
tained in  the  office  for  each  mine.  This  scale  makes  it  possible  to 
show  a  whole  mine  level  on  one  sheet  without  having  it  inconveni- 
ently large,  and  many  useful  correlations  of  faults  and  veins  in  widely 
separated  parts  of  the  same  mine  are  made  with  this  set.  All  the 
details  consistent  with  the  smaller  scale  are  platted  on  these  maps, 
although  the  written  notes  are  usually  not  transferred  from  the  larger 
working  maps.  Each  mine  foreman  and  superintendent  is  provided 
with  a  copy  of  the  100-scale  geologic  maps  of  his  mine  and  has  them 
posted  from  the  office  set  at  regular  intervals. 

Next  in  importance  are  the  vertical  cross-sections,  of  which  Fig.  1 
is  typical.  They  are  made  on  a  scale  of  100  ft.  to  the  inch  and  are 
taken  at  various  internals  along  lines  depending  on  the  strike  of  the 
veins  to  be  studied.  Since  the  veins  and  faults  in  this  district  pre- 
sent such  a  variety  of  strikes,  it  is  obvious  that  no  cross  section  can 
be  prepared  which  will  cut  all  of  them  at  right  angles.  Therefore, 
the  true  dip  for  a  vein  whose  line  of  strike  meets  the  plane  of  the 
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section  at  an  acute  angle  cannot  be  used  directly  in  making  that  sec- 
tion. In  order  that  the  geological  relations  on  the  section  may  be 
kept  geometrically  correct  there  is  a  convenient  instrument  in  use 
which  automatically  reduces  the  true  dip  and  angle  of  intersection  to 
the  angle  of  dip  which  must  be  platted.  Vertical  sections  have  fre- 
quently been  instrumental  in  clearing  up  complicated  geological 
structure,  and  many  savings  and  discoveries  have  been  made  by 
studying  them. 

There  is  also  maintained  in  the  office  a  set  of  200-scale  tracings 
covering  the  entire  district.  Only  the  principal  geologic  features  ap- 
pear on  them,  but  the  proper  relative  importance  ©f  the  veins  and 
faults  is  maintained.  This  set  of  maps  is  particularly  useful  in  cor- 
relating and  identifying  veins  in  widely  separated  mines. 

Before  presenting  examples  of  a  few  of  the  typical  discoveries  made 
through  the  aid  of  geologic  maps  and  sections,  some  of  the  numeroas 
minor  uses  of  geologic  information  should  be  pointed  out. 

In  laying  out  a  certain  drain  tunnel  on  one  of  the  lower  levels 
where  only  limited  development  work  had  been  done,  it  was  found 
that  the  Bell  fault  would  be  encountered  somewhere  between  the 
points  to  be  connected.  It  was  further  noticed  that  the  drain  tunnel 
would  meet  the  fault  planes  at  an  acute  angle,  and,  since  the  fault 
zone  is  75  ft.  wide,  the  tunnel  would  have  to  lie  within  it  for  a  dis- 
tance of  320  ft.  It  was  therefore  decided  to  run  the  tunnel  to  a 
point  as  near  as  possible  to  the  Bell  fault  without  cutting  it,  then  to 
cross-cut  the  fault  at  right  angles  and  continue  the  work  in  the  foot- 
wall  of  the  fault.  The  problem  for  the  Geological  Department,  then, 
was  to  locate  the  fault  on  this  partly  developed  level  as  nearly  as  possi- 
ble, and  to  turn  the  tunnel  in  accordance  with  the  determined  posi- 
tion. Several  cross-sections  and  projections  were  made  from  the 
known  positions  of  the  fault,  and  these  checked  fairly  well  for  the 
desired  position.  When  the  course  of  the  tunnel  was  finally  turned, 
the  Bell  fault  was  cut  at  right  angles  only  15  ft  from  the  turn.  This 
work  will  result  in  a  minimum  cost  of  timbering  and  maintenance  of 
this  drain  tunnel. 

The  pump  stations  in  Butte  are  exceptionally  large  underground 
excavations,  and  it  is  desirable  to  locate  them  in  ground  which  is  as 
free  as  possible  from  faults  and  fault  veins.  The  Geological  Depart- 
ment has  been  called  upon  to  make  examinations  for  this  purpose, 
and  in  one  case  it  was  found  advantageous  to  change  the  location  of 
one  of  these  pump  stations.  The  position  originally  selected  for  it 
would  have  been  crossed  by  certain  faults  and  much  difficulty  would 
have  been  met  both  in  the  excavation  and  in  future  maintenance. 
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Where  a  raise  was  designed  to  connect  two  levels,  it  has  frequently 
been  possible  to  select  a  starting  point  such  that  the  raise  would  be 
continuous  in  ore,  whereas  in  any  other  position  it  would  have  to 
craB3  a  fault  before  reaching  the  level  above.  In  the  West  Qray 
Rock  mine,  it  was  estimated  by  projections  that  the  faulted  segment 
of  a  certain  vein  between  two  faults  would  only  be  a  few  feet  in 
length  on  the  800-ft.  level.  The  development  work  at  the  time  was 
limited  on  this  level,  and  the  calculations  had  to  be  made  from  posi- 
tions known  on  the  1,000-ft.  level,  where  the  faulted  segment  was 
considerably  longer.  In  order  to  make  the  raise  in  ore  continuously 
from  the  1,000-  to  the  800-ft.  level,  it  had  to  be  placed  in  accordance 
with  these  calculations.  The  result  was  entirely  successful,  and  the 
raise  through  this  wedge-shaped  block  of  ore  reached  the  800-ft. 
level  at  its  very  apex. 

In  another  case,  the  geologic  cross-sections  and  plans  shoived 
that  the  La  Plata  fault  was  nearly  parallel  in  strike  to  an  east-and- 
west  vein.  The  dip  of  the  vein,  Ijowever,  was  steeper  than  that  of 
the  fault,  so  that  in  the  stopes  the  fault  generally  encroached  upon 
the  work  and  presented  all  the  appearaiice  of  a  hanging-wall  of  the 
vein.  The  stope  became  narrower  and  the  operators  considered  it  a 
pinched  place  in  the  vein.  The  stope  would  probably  never  have 
reached  the  level  above  if  the  geologic  conditions  had  not  been  un- 
derstood; When  the  ore  was  finally  cut  off  raises  were  continued 
from  the  top  of  the  stope,  biit  designed  to  cross  through  the  fault  and 
to  make  the  fault  a  foot-wall  rather  than  a  hanging-wall.  By  this 
means,  the  ore  above  the  fault  was  encountered  at  its  lowest  point  and 
the  stope  continued  to  the  level  above.  This  procedure  underground 
was  suggested  by  studying  that  portion  of  the  section,  Fig.  1,  which 
shows  the  La  Plata  fault  and  the  Gray  Rock  east-and-west  vein  be- 
tween the  1,200-  and  the  1,300-ft.  levels.  Fig.  1  is  a  cross-section 
through  the  West  Gray  Rock  mine,  and  is  typical  of  the  lOO-scale 
sets  of  sections  carried  for  all  the  mines. 

An  important  discovery  made  through  a  somewhat  different  agency 
is  represented  in  Pig.  2.  The  main  drawing  is  a  portion  of  the  40-ft. 
scale  map  of  the  1,800-ft.  level  of  the  Mountain  Con  mine,  and  the 
small  sketch  is  a  reproduction  of  the  20-ft.  scale  notes  upon  which 
information  the  discovery  was  made.  It  will  be  seen  that  without 
any  geologic  notes  the  drift  No.  1824  would  appear  to  be  a  drift  on 
a  continuous  vein,  and  in  fact  it  was  stoped  as  such.  The  notes, 
however,  displayed  a  significant  difference  in  character  between  the 
westerly  end,  from  which  the  work  progressed,  and  the  easterly  end. 
The  notation  on  the  map  indicates  this  difference.     The  westerly 
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portion  exhibited  the  character  of  a  quartz-pyrite  vein,  which  it  was 
known  to  be,  but  as  the  drifting  continued  the  exposures  were  char- 
acteristic of  the  northwest  fault  vein  system,  notwithstanding  the 
apparent  continuity  of  the  vein.  This  led  to  an  investigation  of  the 
stope  and  the  small  sketch  here  reproduced  was  made.  It  showed 
these  differences  clearly  to  the  geologist,  and  also  the  departure  from 
the  stope  of  the  clay  portions  of  'the  fault.  Accordingly,  the  cross- 
cut No.  1869  was  run,  and  it  encountered  the  faulted  portion  of  the 
quartz-pyrite  vein  now  being  mined  in  drift  No.  1828.     As  this  drift 


Fio.  2. — Portion  or  1,800-FT.  Level,  Mouvtaik  Cok  Mine. 

was  advanced  westerly  it  intersected  the  fault  vein  as  shown,  and 
proved  the  correctness  of  the  theory.  After  this  discovery,  the 
development  of  several  other  levels  became  merely  a  matter  of 
projection. 

Fig.  3  represents  a  portion  of  the  40-ft.  scale  maps  of  the  1,100- 
and  1,200-ft.  levels  of  the  West  Gray  Rock  mine.  It  will  be  seen 
that  the  south-dipping  east-and-west  vein  on  the  1,100-ft.  level  lies 
north  of  the  north-dipping  Corra  fault,  while  on  the   1,200-ft  level 
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these  positioDS  are  reversed.  The  cross-sections  clearly  showed  a 
displacement  of  the  vein  by  the  fault.  The  ore  above  the  1,100ft. 
level  was  stoped  to  the  1,000  continuously  in  good  ore  and  a  stope 
was  being  worked  above  the  1,200,  but,  as  shown  on  the  maps,  this 
stope  could  not  reach  the  1,100  on  account  of  the  fault.  The  ore  on 
the  1,100  did  not  come  down  to  the  1,200,  for  the  same  reason.  The 
small  section  A- A  shows  these  relations.  It  was  therefore  reqaired 
to  determine  a  point  on  the  1,200  from  which  a  vertical  raise  coald 
be  run  to  intersect  the  vein  as  nearly  as  possible  at  its  line  of  inter- 
section with  the  fault.  In  other  words,  a  vertical  raise  was  to  be  so 
located  as  to  reach  the  very  bottom  of  the  ore  below  the  1,100.  A 
large-scale  cross-section  was  drawn,  making  due  allowance  for  the 
drag  ore  near  the  fault,  and  a  course  was  given  to  the  surveyor  for 
the  lateral  drift  No.  1218  in  accordance  with  this  section.  The  raise 
was  to  have  one  offset  from  the  sill  and  to  be  vertical.  The  result  of 
the  work  is  shown  in  the  small  section  in  Fig.  3.  Practically  the 
bottom  of  the  ore  was  encountered  in  this  raise. 

In  Fig.  4  there  is  reproduced  a  portion  of  the  100-ft.  scale  maps  of 
three  levels  of  the  High  Ore  mine,  also  a  portion  of  the  40-ft.  scale 
notes  which  led  to  the  proper  development  of  these  levels.  The  map 
marked  800  Modoc  shows  a  wide  vein  of  good  ore  known  as  the 
Modoc  vein.  It  was  supposed  that  the  entire  drift  was  on  this  vein 
until  the  geologic  notes  showed  that  such  was  not  the  case.  The 
portion  near  the  shaft  was  barren;  and  the  dip  shown  there  was 
opposite  to  that  at  the  east  end.  Bands  of  fault  clay  passed  out  of 
the  drift  as  shown  in  the  notes.  It  was  decided  that  there  were  two 
veins  exposed  in  this  drift  At  this  time  the  drift  on  the  level  below 
(700  High  Ore,  see  Fig.  4)  had  been  abandoned  at  the  point  C.  By 
carefully  projecting  the  Modoc  vein  with  its  south  dip  from  the  300 
Modoc  and  also  the  other  vein  which  is  called  the  Edith  May  with 
its  north  dip,  it  was  found  that  the  line  of  intersection  of  these  two 
veins  would  cross  the  level  of  the  700  High  Ore  at  a  point  beyond 
the  face  of  the  old  drift.  Drifting  was  therefore  continued  in  order 
to  reach  this  determined  point,  and  a  certain  amount  of  the  north 
wall  of  the  Edith  May  vein  was  broken  so  as  to  see  the  ground  north 
of  it.  Within  a  few  feet  of  the  predicted  intersection  the  Modoc  vein 
was  found  and  was  stoped  continuously  to  the  level  above.  The  next 
move  naturally  was  to  get  the  faulted  portion  south  of  the  Edith  May 
vein,  which  was  accomplished  as  shown  on  the  map.  This  informa- 
tion could  now  be  extended  to  the  next  level  below.  The  develop- 
ment work  on  the  900  High  Ore  had  only  reached  the  point  /), 
Fig.  4,  but  the  line  of  intersection  of  the  Modoc  vein  and  the  Edith 
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May  vein  was  now  well  known  on  two  levels  and  in  the  stopes,  so  it 
could  be  carried  to  the  900  with  considerable  accuracy.  The  under- 
ground wprk  was  therefore  continued  on  the  900  with  this  point  in 
view,  and  the  map  shows  the  accuracy  with  which  the  intersection 
was  located.  Nearly  all  of  the  ore  thus  developed  on  these  three 
levels  has  been  stoped. 


Fio.  5. — Portion  of  1,400-ft.  Level,  Mountain  View  Mine. 

In  Fig.  5  is  shown  a  portion  of  the  100-ft  scale  map  of  the  1,400 
level  of  the  Mountain  View  mine.  In  order  to  understand  the  geo- 
logic work  done  in  this  case,  the  reader's  attention  must  be  called 
to   drifts   Nos.  1429,  and    1447.     The   remaining   numbered  drifts 
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had  not  been  run  atitil  the  ore  iu  them  was  discovered  through  the 
application  of  geologic  knowledge  of  the  conditions.  The  veins  dis- 
closed in  these  first  drifts  were  considered  to  be  faulted  segments  of 
the  same  vein.  Later,  however,  in  correlating  with  other  parts  of 
the  mine,  the  Middle  Fault  (see  Fig.  5)  was  identified,  but  the  direc- 
tion of  the  throw  on  this  fault  was  known  to  be  to  the  left  instead  of 
to  the  right,  as  the  former  interpretation  would  require.  Therefore, 
the  drift  No.  1447  must  contain  the  faulted  portion  of  a  vein  lying 
north  of  No.  1429,  and  further,  the  faulted  segment  of  No.  1429  must 
lie  south  of  No.  1447.  The  map  shows  that  this  reasoning  was  cor- 
rect, as  the  missing  portions  of  the  vein  were  found  in  drifts  Nos. 
1406  and  1410,  respectively.  The  next  step  was  to  reach  the  south 
vein  above  the  Rarus  Fault  (see  Fig.  5),  which  was  done  in  drift  No. 
1457.  Thus  everything  was  accounted  for,  and  three  valuable  ore 
bodies  were  won. 

The  examples  of  geologic  work  given  above  are  typical  of  the  work 
carried  on  in  the  Butte  mines,  although  many  more  might  be  cited. 
Of  course,  all  of  the  suggestions  made  by  the  Geological  Department 
do  not  result  in  the  discovery  of  ore  bodies,  but  a  failure  to  find  the 
vein  predicted  is  unusual.  When  the  underground  work  reaches  a 
vein  as  predicted,  but  cuts  it  in  a  barren  place,  calculations  on  thB 
pitch  of  the  ore  shoot  in  the  plane  of  the  vein  are  made,  and  the 
downward  extensions  of  such  shoots  have  been  located. 

Graphic  determinations  of  the  direction  and  amount  of  movement 
in  the  planes  of  the  principal  faults  have  been  made,  and  the  kaowl- 
edge  of  these  displacements,  both  vertically  and  horizontally,  is  very 
helpful  in  locating  faulted  veins,  or  identifying  faulted  segments  of 
veins.  It  has  been  recognized  that  the  amount  of  horizontal  dis- 
placement of  several  veins  by  any  particular  fault  may  vary  consider- 
ably, and  this  variation  has  been  studied  graphically.  The  relation 
between  the  amount  of  horizontal  displacement,  on  one  hand,  to  the 
dips  of  the  fault  and  vein  and  the  angle  between  their  strikes,  ou  the 
other  hand,  has  been  studied,  and  has  resulted  in  useful  deductions. 
In  order  to  show  the  variety  of  horizontal  displacements  possible  oa 
one  fault,  owing  to  differences  in  angles  of  dip  and  angles  of  intersec- 
tion. Fig.  6  has  been  prepared.  The  four  diagrams  represent  the 
four  possible  cases,  namely  : 

A.  Dip  of  fault  steeper  than  dip  of  vein,  but  in  opposite  direction. 

B.  Dip  of  fault  flatter  than  dip  of  vein,  but  in  opposite  direction. 

C.  Dip  of  fault  flatter  than  dip  of  vein,  but  in  same  direction, 

D.  Dip  of  fault  steeper  than  dip  of  vein,  but  in  same  direction. 

In  all  cases  a  normal  downward  displacement  of  100  ft.  is  assumed 
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nd  the  veins  meet  the  fault  at  angles  of  from  10°  to  90°.  The  va 
oua  directions  and  amounts  of  horizontal  displacement  are  shown 
]  one  case  it  will  be  seen  that  the  horizontal  throw  increases  positiveb 
1  direction  to  a  maximum,  and  then  becomes  negative.  The  aagl 
i  intersection  of  the  vein  with  the  fault  that  g'lvea  the  turning  poin 

called  the  critical  anj;le,  and  a  means  of  determining  it  gra()hicall; 
T  any  set  of  dips  has  been  devised.  It  must  be  understood,  how 
rer,  that  these  graphical  determinations  have  their  limitations  au< 
lUBt  be  applied  accordingly. 

Altbough  this  paper  has  dealt  largely  with  problems  related  t- 
ractaral  matters  in  the  Butte  district,  much  attention  is  given  iA 
le  study  of  the  complicated  mineralogical  and  chemical  problem 
ivolved,  bat  they  fall  beyond  the  scope  of  this  paper. 

Disccasios. 
B.  H.  DnNSHBB,  Butte,  Mont.: — I  merely  want  to  testify  to  th< 
ilue  of  the  Geolo^cal  Department  so  far  as  the  Anaconda  Coppe 
[iniDg  Co.  is  concerned.  The  information  that  the  mining  men  ge 
om  the  Geological  Department  is  exceedingly  valuable.  Man; 
mes  in  mining  underground  we  come  to  a  question  that  is  obscure 
e  don't  know  exactly  where  we  are  or  what  to  do.  Instead  of  goinj 
.  it  blindly  and  perhaps  wasting  time  and  money  searching  for  th< 
)Btinuation  of  the  vein,  we  merely  go  to  the  Geological  Department 
id  the  geologists  come  to  our  assistance,  and  almost  every  time  thei 
>nc1usions  are  correct ;  the  work  they  do  is  intelligent,  and  again 
ant  to  testify  to  the  value  of  the  accurate  maps  of  the  veins  am 
mlt  systems  as  worked  out  by  our  Geological  Department. 
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Lead-Silver  Mines  of  Gilmore-,  Lemhi  County,  Idaho. 

BT    BALPa    MICHOIA,    OILMOXE,    IDAHO. 

(Butte  Ueetlng.  Aaguat,  IBIS.) 

The  mines  are  near  the  town  of  Gilmore,  in  the  Texas  mining  dia 
ict.  This  district  was  organized  in  1880,  The  present  producinj 
ines  are  near  the  terminus  of  the  Gilmore  &  Pittabnrg  railroad 
liis  railroad  connects  with  the  main  line  of  the  Oregon  Short  Lim 

Armstead,  Mont.  The  distance  from  Gilmore  to  Armstead  ii 
I  miles. 

The  town  of  Gilmore  is  near  the  head  of  the  Lemhi  nver  at  ai 
avation  of  7,000  ft.,  while  the  mines  are  from  400  to  1,800  ft.  higher 
le  range  of  mountains  upon  which  the  mines  are  situated  forms  thi 
iter  shed  for  the  Little  Lost  river  on  the  west  and  the  Lemhi  rive 
I  the  east  The  winters  are  severe  and  the  snow  fall  is  heavy,  hu 
e  mines  ship  right  through  the  year.  There  is  an  abundance  o 
nber  suitable  for  all  mining  purposes  in  the  immediate  vicinity 
ater  is  piped  into  the  camp  from  a  lake  about  2.5  miles  distant 
lis  lake  is  aboat  1,400  ft.  above  the  town  of  Gilmore.  The  wate 
exceptionally  good  for  boiler  and  domestic  purposes. 
The  mining  companies  now  producing  are  the  Pittsburg  Idaho  Co. 
A.;  the  Latest  Out  Mining  &  Smelting  Co.,  Ltd.;  and  the  Qilmor 
ining  Co.,  Ltd.     Besides  the  above  properties,  there  are  a  nurabe 

prospects  in  different  stages  of  development. 
The  producing  mines  of  the  district  are  fissures  in  limestone,  witl 
general  northeast/southwest  course  and  a  dip  to  the  west  of  fron 
1°  to  70°.     These  fissures  are  at  about  right  angles  to  the  beddinj 

the  limestones.  The  veins  are  regular  and  the  ore  shoots  strong 
>tli  laterally  and  in  depth,  so  far  as  developed.  The  ore  shoots  havi 
rake  or  pitch  to  the  south.    The  character  of  the  formation  is  showi 

Fig.  1,  a  section  of  the  Latest  Out  mine. 

Character  of  Ore. 
The  ores  of  the  district  are  oxidized,  carrying  an  excess  of  iroi 
'er  the  silica  (insolnble  matter).  The  vein  filling  is  a  mixture  o 
nonite  and  hematite,  which  is  replaced  by  shoots  of  tead-silver  oree 
The  lead  minerals  consist  of  carbonate  of  lead  principally,  but  witl 
mil  quantities  of  salphide,  sulphate,  and  other  lead  minerals. 
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One  peculiar  feature  noticeable  in  these  properties  is  that  the  sdI- 
phides  have  gradually  decreased  with  depth.  For  example,  the  ore 
from  the  upper  workings  down  to  200  ft.  in  depth  would  be  repre- 
sented by  the  following : 


Lead. 

Silica 

lion. 

Zinc. 

Silver. 

Gold. 

Sulphur. 

Percent. 

Percent 

Per  Cent. 

Oi.  per  Ton. 

PttCeat 

33 

20 

10 

7 

I« 

0.025 

as 

The  ore  below  the  200-ft.  level  and  down  to  500  ft.  would  be  repre- 
sented by  the  following: 


Gold.  Sulphur. 

ui.  perToo.      Percent. 

0.025  0.0S 


Fig.  1. — Skttiok  or  Latest  Out  Mine. 

From  the  above  comparison  it  nill  be  seen  that  there  is  a  slight 
falling  off  in  lead  and  silver  contents  with  depth.  It  will  be  noticed 
too  that  there  is  a  smaller  quantity  of  zinc,  silica,  and  sulphnr  pres- 
ent, with  a  decided  increase  in  iron  content,  making  the  ore  a  most 
desirable  smelting  ore,  and  it  naturally  commands  a  good  price  in  the 
Salt  Lake  markets,  where  such  ores  are  scarce.  The  ore  is  mined  is 
balk,  requiring  no  concentration  or  assorting. 
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Ore  Occurrence. 

As  before  stated,  the  fissures  are  very  regular,  but  the  filling  of  the 
vein  is  a  replacement  of  the  limestone  on  either  side  of  the  fissure 
and  sometimes  reaches  widths  of  clean  ore  of  from  30  to  40  ft  The 
vein  filling  is  a  mixture  of  limonite  and  hematite  replaced  by  shoots 
of  lead  minerals.  The  change  from  lead  to  iron  content  is  gener- 
ally very  abrupt,  so  that  it  is  not  difficult  to  break  the  ore  very  clean. 

The  ore  is  generally  shipped  in  barge  lots  of  from  50  to  500  tons 

(from  one  to  ten  railroad  cars)  and  the  lead  content  varies  from  25  to 

45  per  cent. 

History. 

The  first  discoveries  in  the  Texas  mining  district  were  made  in  the 
year  1880,  and  at  that  time  little  work  was  done,  as  the  mines  were 
then  80  miles  distant  from  the  nearest  railroad  shipping  point 
(Caucas). 

Later,  however,  in  1886,  The  Viola  Mining  &  Smelting  Co.,  of 
Nicholia,  Idaho,  erected  its  smelting  plant  and  bought  the  ores  from 
the  Texas  district,  which  gave  quite  an  impetus  to  prospecting  in 
this  section.  This  smelting  plant  was  successfully  operated  for  about 
four  years,  when  the  ores  of  the  Viola  mine  were  exhausted  and  the 
mines  of  the  district  shut  down  on  their  work  and  did  little  more 
than  the  annual  assessment  work. 

In  the  year  1908  the  building  of  the  Gilraore  &  Pittsburg  railroad 
was  assured  and  at  that  time  the  work  of  developing  the  leading 
mines  of  this  section  was  renewed. 

Shipments  were  resumed  in  1910,  and  from  that  time  to  the  present 
the  three  properties  mentioned  have  collectively  shipped  more  than 
100,000  tons  of  ore.  Of  the  above  amount,  the  Pittsburg  Idaho  Co., 
Ltd.,  has  shipped  about  75,000  tons ;  the  Latest  Out  Mining  &  Smelt- 
ing Co.,  Ltd.,  has  shipped  about  27,000  tons;  and  the  Gilmore 
Mining  Co.,  Ltd.,  has  shipped  about  1,200  tons  of  ore  carrying  gold 
values  averaging  about  J12  per  ton  and  an  excess  of  iron  over  silica 
of  40  per  cent. 

The  lode  being  worked  upon  the  Gilmore  property  contains  only  a 
very  small  quantity  of  lead  and  in  this  respect  is  quite  unlike  the 
other  lodes  in  this  district. 

When  one  considers  the  short  time  that  these  properties  have  been 
worked  and  the  small  amount  of  development  work  done  upon  them 
the  yield  has  been  most  satisfactory. 
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The  Electrification  of  the  Butte,  Anaconda  &  Pacific  Railway. 


(Bntte  netting,  Auguit,  1«S.) 

Tbb  Butte,  Anaconda  &,  Pacific  electrification  is  of  peculiar  intereet 
an  incidental  way,  to  the  entire  raining  fraternity,  and  eepeciall; 
J  engineering  branch,  not  only  in  this  great  Northwest  country  bu 
-oaghout  the  entire  Weetern  raining  coantry,  which  is  rich  ii 
nerals  and  water  power.  It  is  probably  fair  to  say  that  the  primi 
ject  of  mining  and  smelting  engineering  ia  to  reduce  the  coat  o 
eduction,  and  in  the  case  in  hand  the  relative  location  of  mines  ant 
elter  brings  the  cost  of  transportation  of  ore  to  the  front.  Whili 
ne  might  assign  this  item  to  the  railway  people,  it  is  inseparably  i 
rt  and  parcel  of  the  general  scheme  of  the  production  of  metal  fron 
!  ore.  In  considering  the  electrification  of  the  B.,  A.  &  P.  railwai 
'.  mining  and  smelting  engineer,  above  all,  wants  to  know  wha 
ing  will  be  efiected  by  the  change  in  motive  power.  Unfortu 
;ely  the  new  power  has  been  in  use  during  a  very  limited  periot 
i  on  the  Smelter  Hill  section  of  the  road  only,  and  no  reliable  data 
m  actual  service  conditions,  can  be  obtained  until  the  entire  elec 
Sed  section  haa  been  in  service  for  a  reasonable  length  of  time 
ly  remarks  on  this  subject  at  the  present  time,  therefore,  mast  o: 
^eesity  be  general  in  nature  and  more  or  less  descriptive. 
rhe  railway,  electrical  and  mining  worlds  and  the  country  it 
leral  are  indebted  to  the  B.,  A.  &  P.  railway  for  the  pioneer  worli 
a  now  doing,  as  it  undoubtedly  marks  the  beginning  of  the  electri 
ition,  within  the  comparatively  near  future,  of  all  transcontinenta 
ide  between  the  Missouri  river  and  the  Pacific  coast.  Togethei 
h  this  goes  the  development  of  an  untold  wealth  in  water  powei 
1  all  natural  resources  within  the  same  territory. 
For  the  first  time  in  the  history  of  electric  railway  work,  in  thii 
intry,  direct  current  at  a  potential  of  2,400  volts  is  being  used 
th  this  potential  there  is  a  great  saving  in  transmission  of  energy 
the  locomotives  and  there  are  only  two  substations,  one  at  elthei 
1  and  26  miles  apart,  tor  supplying  the  power  for  the  movemenl 
trains  of  heavy  tonnage  over  the  main  line  and  for  switching 
vements  at  terminal  and  intermediate  yards,  and  comparatively 
le  feeder  copper  is  required. 

•  Non-member. 
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The  section  of  line  that  is  being  electrified  lies  between  the  receiv- 
ing and  distributing  yard  on  Batte  Ilill  and  the  concentrator  bine  at 
the  Washoe  smelter,  Anaconda,  together  with  the  yards  and  tracks 
in  the  vicinity  of  the  Butte  passenger  station,  the  Anaconda  station 
and  shops,  the  various  departments  of  the  smelter  and  the  inter- 
mediate  yards  and  sidings.  It  comprises  about  30  miles  of  main-line 
single  track,  which,  together  with  the  various  yards  and  sidings, 
makes  up  a  total  of  about  90  miles  on  a  single-track  basis.  The 
haulage  of  copper  ore  from  the  Butte  mines  to  the  smelter  at  Ana- 
conda, which  is  the  principal  traffic,  together  with  mine  supplies, 
lumber,  etc.,  moving  in  both  directions,  amounts  to  practically 
5,000,000  tons  of  freight  per  year,  or  an  average  of  13,700  tons  dailj. 
The  freight  trains  on  the  main  line,  weighing  3,400  tons  and  made 
up  of  50  loaded  ore  cars,  will  be  handled  against  a  ruling  grade  of 
0.3  per  cent.  Those  on  the  Smelter  Hill  line,  weighing  from  1,350 
to  1,400  tons  and  made  up  of  20  or  more  loaded  ore  cars,  against  a 
grade  of  1.1  per  cent,  and  those  on  the  Butte  Hill  line,  weighing 
from  750  to  800  tons  and  made  up  of  empty  ore  cars  and  loaded 
supply  cars,  against  a  grade  of  2.5  per  cent,  will  be  handled  by  loco- 
motives consisting  of  two  units.  Single  units  will  be  used  for  making 
up  trains  in  the  yards  and  for  spotting  cars.  Two  of  the  units  coupled 
to  a  loaded  ore  train  are  shown  in  Fig.  1,  which  also  shows  the  over- 
head construction. 

It  may  be  interesting  to  note,  as  a  matter  of  comparison  between 
steam  and  electric  motive  power,  that  whereas  in  transporting  ore 
between  tbe  East  Anaconda  yard  and  the  concentrator  bins,  a  dis- 
tance of  7.25  miles  against  a  grade  of  1.1  per  cent,  the  heavy  steam 
locomotives  require  from  50  to  55  min.  to  make  the  trip  with  16  cars 
of  ore,  a  pair  of  electric  locomotive  units  is  making  this  same  trip  in 
24  min.  with  20  car  loads  of  ore.  In  other  words,  the  electric  loco- 
motive handles  25  per  cent  more  tonnage  and  consumes  about  one- 
half  the  time  required  by  the  steam  locomotive. 

The  initial  equipment  consists  of  17  locomotive  units,  15  for  freight 
and  two  for  passenger  service.  Each  weighs  approximately  80  tons. 
When  two  units  are  coupled  together  they  are  operated  in  multiple 
from  one  master  controller  and  they  will  haul  the  8,400-ton  train  at 
a  maximum  speed  of  15  miles  per  hour  against  the  0.3  per  cent, 
grade  and  at  21  miles  per  hour  on  tangent  level  track.  The  same 
two  units  will  haul  the  1,400-ton  train  against  the  1.1  per  cent  grade 
at  17.5  miles  per  hour.  The  passenger  locomotives  are  the  same 
design  as  the  freight  locomotives  except  that  they  are  geared  for  a 
maximum  speed  of  45  miles  per  hour  on  tangent  level  track.     The 
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iTHge  passenger  tr&in  ia  composed  of  ooe  locomotive  unit  and  thre« 
ndard  passeoger  coaches.  The  general  design  of  the  locomotives 
)f  the  articulated  double-truck  type,  all  weight  being  on  the  drivers. 
e  cab  is  of  the  box  type,  extending  the  entire  length  of  the  loco- 


otive,  and  is  of  steel  construction  throughout.  It  is  divided  into 
ree  compartmente,  the  center  compartment  containing  the  control 
iparatuH,  air  compressor,  and  dynamotor,  the  latter  for  furnishing 
10  volts  for  lights,  air  compressor,  and  operation  of  control  circuit. 
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The  two  end  compartments  are  for  the  accommodatioD  of  the  eogiueer 
and  contain  the  usual  master  controller,  brake  valves,  and  sand  boxes. 
In  addition,  there  is  apparatus  for  ringing  the  bell  and  sanding  by 
compressed  air,  and  raising  and  lowering  the  pantograph  trolley. 

The  principal  data  and  dimensions  applying  to  the  locomotives  are 
as  follows : 

Length  inside  of  knuckles 37  ft  4  in. 

Height  with  trolley  down 15  ft  6  in. 

Width  over  all 10ft.  0  in. 

Total  wheel  base 26  ft  0  in. 

Kigid  wheel  base 8  ft  8  in. 

Total  weight 160,0001b. 

Wheels,  diameter 46  in. 

Tractive  effort  at  *cO  per  cent,  co-efficient 48,000  lb. 

Tractive  effort  at  one-hour  rating 30,0001b. 

Tractive  effort  at  continuous  rating 25,0001b. 

The  motors  are  of  the  QE-229-A  commutating-pole  type,  wound 
for  1,200  volts  and  insulated  for  2,400  volts.  A  forged  pinion  is 
mounted  on  each  end  of  the  armature  shaft  and  meshes  into  a  corre- 
sponding  gear  mounted  on  the  vt^heel  hub,  providing  a  gear  reduction 
of  4.84  on  the  freight  locomotives  and  8.2  on  the  passenger  locomo- 
tives. The  motor  is  designed  especially  for  locomotive  service,  is 
inclosed,  and  provided  with  forced  ventilation.  Air  is  circulated  over 
the  armature  and  field  coils  and  over  and  through  the  commutator, 
through  longitudinal  holes  in  the  armature  core,  and  thence  exhausted 
through  openings  in  the  bearing  head.  The  continuous  capacity  of 
each  motor  is  190  amperes  on  1,200  volts  under  forced  ventilation, 
and  the  input  is  225  amperes  on  1,200  volts  for  the  one-hour  rating. 
For  the  double  unit  the  continuous  rating  is  equivalent  to  an  output 
of  2,100  h.p. 

Current  is  collected  by  overhead  trolleys  of  the  pantograph  lype. 
They  are  pneumatically  operated,  and  can  be  put  into  service  from 
either  engineer's  compartment  by  hand-operated  valve.  The  current 
collector  proper  consists  of  a  roller  made  of  steel  tubing  6  in.  outside 
diameter  by  24  in.  long,  instead  of  the  fixed  or  sliding  pan  usually 
employed  for  this  purpose  with  the  pantograph  trolley.  When  two 
units  are  coupled  together  the  trolleys  are  connected  by  couplers 
between  the  two  units  so  that  current  may  be  obtained  from  both 
trolleys  or  from  a  single  trolley,  as  may  be  desired. 

The  passenger  coaches  are  to  be  heated  by  hot  air,  the  air  being 
forced  through  electrically  heated  coils  by  a  motor-driven  blower, 
2,400-volt  current  being  used  for  both  heating  coils  and  blower 
motor.     The  current   for  lighting  passenger  coaches  will   be  taken 
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from  the  djnamotor  in  the  passenger  locomotive  at  a  pressure  of  600 
volts. 

The  apparatus  in  each  of  the  two  substations  consists  of  two  motor- 
generator  sets,  each  consisting  of  a  synchronous  motor  directly  con- 
nected to  two  1,200-volt  D.  C.  generators,  the  latter  being  connected 
in  series  to  give  the  2,400-volt  line  potential,  together  with  two  motor- 
driven  exciter  sets  and  the  necessary  switch  board  panels  and  control 
apparatus,  most  of  which  has  been  specially  designed  for  this  work. 

Within  the  last  few  years  electric  railway  engineers  and  operating 
people  have  been  made  to  realize  that  the  overhead-contact  system  is 
as  important  as,  if  not  more  important  than,  any  detail  of  the  system. 
This  is  on  account  of  the  fact  that  with  locomotives  and  substations 
it  is  possible  to  hold  units  in  reserve  for  emergency  use,  whereas 
with  the  overhead-contact  system  there  is  no  such  thing  as  reserve 
capacity.  Furthermore,  the  contact  system,  if  properly  designed  and 
bailt,  is  a  permanent  way  equal  in  importance  to  the  track  and  road 
bed.  With  the  exception  of  using  wood  poles  for  supports,  on 
account  of  the  plentiful  local  supply,  it  is  believed  that  the  B.,  A.  & 
P.  railway  is  about  as  near  permanency  in  its  overhead  construction 
as  can  be  expected  at  the  present  stage  of  the  art  The  authorities 
differ  as  to  the  use  of  a  rigid  type  of  construction  as  compared  with 
one  which  is  flexible,  though  the  majority  agree  that  until  we  can 
construct  a  perfect  track  and  road  bed  the  flexible  overhead-contact 
system  is  far  superior  to  the  rigid  type.  The  engineers  of  the  B.,  A. 
4  P.  railway  adopted  the  flexible  construction,  which  is  of  the  catenary 
type,  with  0.5-in.  Seimens-Martin  galvanized  strand  for  messenger 
and  4/0  grooved  copper  trolley  wire  for  contact  member,  the  trolley 
wire  being  hung  from  the  messenger  by  specially  designed  loop 
hangers  which  permit  absolute  freedom  in  vertical  movement  of 
trolley  wire  when  subjected  to  pressure  imposed  by  pantograph 
trolley.  It  is  believed  that  on  the  main  line,  where  operating  condi- 
tions require  relatively  high  speed,  they  have  the  only  contact  wire 
in  this  country  which  can  be  truly  classified  as  flexible,  and  which  is 
practically  free  from  changes  in  flexibility,  with  consequent  damage 
to  contact  wire  from  current-collecting  devices. 

The  various  yards  and  sidings  included  in  the  electrified  section 
contain  300  track  switches,  calling  for  a  corresponding  number  of 
overhead  special  work  devices.  Heretofore  it  has  been  customary  to 
make  use  of  grids  or  other  devices,  known  as  deflectors,  for  insuring 
the  safe  transition  of  the  current  collector  from  main  line  to  siding  or 
the  reverse.  On  this  work  these  devices,  which  are  expensive  to 
install  and  maintain,  have  been  dispensed  with  and  such  transition  is 
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taken  care  of  by  holding  the  contact  wires  parallel  and  in  the  same 
plane  for  a  certain  distance  and  raising  the  turn-out  wire  at  the  end 
so  as  to  give  a  gradual  approach  to  level  of  main  line  wire  and  cur- 
rent  collector. 

One  of  the  great  problems  in  connection  with  the  overhead-contact 
system  has  been  to  take  care  of  the  expansion  and  contraeftion  of 
various  members  due  to  changes  in  temperature  and  the  fact  that 
copper  and  steel,  with  their  different  temperature  coefficients,  make 
up  the  main  members  of  the  structure.  The  B.,  A.  &  P.  Co.  are  now 
experimenting  with  a  system  of  counterweights  for  maintaining  uni- 
form tension  in  contact  wires  regardless  of  temperature  changes  and 
they  promise  to  prove  entirely  satisfactory. 

Though  as  yet  only  a  portion  of  the  entire  equipment  is  in  service, 
those  concerned  feel  justified  in  believing  that  the  performance  in 
general  of  the  ele<?trical  equipment,  including  locomotives,  substa- 
tions, and  overhead,  is  nothing  less  than  remarkable,  in  view  of  the 
fact  that  practically  every  detail  is  all  new  special  design  and  that  the 
operation  of  the  equipment  has  been  in  the  hands  of  individuals  who 
did  not  have  the  advantage  of  previous  training  to  fit  them  for  the 
work,  and  they  feel  assured  that  when  the  entire  service  is  taken 
over  the  results  will  be  equally  as  satisfactory. 
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The  opeiiing  session  was  held  on  Saturday  evening,  Aug.  16, 1913, 
at  the  Court  House,  Great  Falls,  Mont.,  and  was  called  to  order  by 
Oharles  W.  Goodale  who,  after  a  short  address  of  welcome,  iotro- 
duced  President  Charles  F.  Rand,  who  responded  to  the  address  of 
Mr.  Goodale  and  presided  thereafter  at  the  meeting. 

The  following  papers  were  then  presented  in  oral  abstract  by  their 
authors,  or  authors'  representatives : 

Hydro-Electric  Development  in  Montana,  by  Max  Hebgen.  Dis- 
<^ussed  by  Frank  Scotten,  Joseph  W.  Richards,  and  another. 

Notes  on  the  Great  Falls  Electrolytic  Plant,  by  W.  T.  Burns.  Dis- 
cussed  by  Joseph  W.  Richards. 

The  Great  Falls  Flue  System  and  Chimney,  by  C.  W.  Goodale  and 
J.  H.  Klepinger.  Discussed  by  Joseph  W.  Richards  and  J.  H. 
Klepinger. 

The  Determination  of  Arsenic  and  Antimony  in  Converter  and 
Electrolytic  Copper,  by  E.  E.  Brownson. 

Great  Falls  Converter  Practice,  by  A.  E.  Wheeler  and  M.  W. 
Krejci.  Discussed  by  Bradley  Stoughton,  Joseph  W.  Richards,  S. 
LeFevre,  and  M.  W.  Krejci. 

The  Smelting  of  Copper  Ores  in  the  Electric  Furnace,  by  D.  A. 
Lyon  and  R.  M.  Keeney.  Discussed  by  M.  "W".  Krejci,  C,  D.  Wood- 
ward, Joseph  W.  Richards,  Bradley  Stoughton,  and  D.  A.  Lyon. 

The  following  papers  were  read  by  title : 

Preparation  of  Ore  Containing  Zinc  for  the  Recovery  of  Other 
Metals  such  as  Silver,  Gold,  Copper,  and  Lead  by  the  Elimination 
and  Subsequent  Recovery  of  the  Zinc  as  a  Chemically  Pure  Zinc 
Product,  by  S.  E.  Bretherton. 

Some  Recent  American  Progress  in  the  Assay  of  Copper-Bullion, 
by  Edward  Keller. 

The  second  session  was  held  at  the  Auditorium  in  Butte,  Mont,  on 
Monday,  Aug.  18,  1913,  at  9.30  a.  m.  After  an  address  of  welcome 
by  the  Hon.  Cornelius  F.  Kelley,  which  was  responded  to  by  Presi- 
dent Charles  F.  Rand,  the  following  papers  were  presented  in  oral 
abstract  by  their  authors,  or  authors'  representatives : 

The  Ore  Deposits  at  Butte,  Mont.,  by  Reno  H.  Sales.  Discussed 
by  L.  C,  Graton,  W.  C.  Ralston,  Joseph  W.  Richards  and  R.  H.  Sales. 

Mineral  Associations  at  Butte,  by  D.  C.  Bard  and  M.  H.  Qidel. 

Timbering  in  the  Butte  Mines,  by  B.  H.  Dunshee. 

Shaft-Sinking  Methods  at  Butte,  by  Norman  P.  Braly. 

The  Use  of  Electricity  in  Mining  in  the  Butte  District,  by  John 
Oillie. 
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The  last  three  papers  were  discossed  Jointly  by  Q.  E.  Moulthn 
r.  A.  Packard,  and  Norman  P.  Braly. 

The  following  papers  were  read  by  Utle : 

The  Eennedy  Mining  District,  Nevada,  by  Paul  Elopstock. 

Notes  on  the  Occurrence  of  Some  of  the  Rarer  Metala  in  Blis 
opper,  by  Anton  Eilera. 

Biographical  Notice  of  John  Fritz,  by  H.  S.  Drinker  and  R.  ' 
Raymond. 

Assay  for  Gold  and  Silver  by  the  Iron-Nail  Method,  by  E.  J.  H 
Qd  C.  W.  Drary. 

An  Assay  for  Corundum  by  Mechanical  Analysis,  by  W.  Spen< 
[utchinaon. 

The  third  session  was  held  at  the  Aaditorium  in  Butte,  on  Mond 
rening,  Aug.  18,  1913,  at  8  p.  m.  Mr.  Charles  W.  Goodale  p 
ded.  The  following  papers  were  presented  ia  oral  abstract  by  th' 
ithors,  or  authors'  representatives : 

Development  of  the  Basic-Lined  Converter  for  Copper  Mattes, 
.  P.  MatbewBon.  Discussed  by  Joseph  W,  Richards  and  C. 
emond. 

Roasting  and  Leaching  Tailings  at  Anaconda,  Mont.,  by  Frederi 
aiet.     Discussed  by  J,  C.  Dick  and  F.  Laist. 

The  Use  of  the  Microscope  in  Mining  Engineering,  by  F.  "W.  Apg 
iacuBsed  by  L.  C.  Qraton. 

The  Evolution  of  the  Round  Table  for  the  Treatment  of  Metal 
■oua  Slimes,  by  Theodore  Simons. 

The  following  papers  were  read  by  title: 

Mining  Cost  Accounts  of  the  Anaconda  Copper  Mining  Co., 
:.  T.  Van  Ells. 

The  Development  of  Blast-Furnace  Construction  at  the  Boston 
[ontana  Smelter,  by  John  A.  Church,  Jr. 

The  Gold  Placers  of  Antioqnia,  Republic  of  Colombia,  by  M. 
e  Hora. 

The  Tooele  Plant  of  the  International  Smelting  k  Refining  Co., 
'.  H.  Thompson  and  L.  T.  Sicka. 

llardinge  Mills  vs.  Chilean  Mills,  by  Robert  Franke. 

The  New  International  Diamond  Carat  of  200  Milligrams, 
■eorge  F.  Eunz. 

The  Laws  of  Jointing,  by  Blamey  Stevens. 

Method  of  Testing  Draeger  Oxygen  Helmets  at  the  Copper  Que 
line,  by  Charles  A.  Mitke. 
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The  fourth  session  was  held  in  the  Margaret  Theatre,  at  Anaconda^ 
Mont,  on  Tuesday,  Aug.  19,  1913,  at  2.30  p.  m.  An  address  of  wel- 
come by  E.  P.  Mathewson  was  responded  to  on  behalf  of  the  Institute 
by  Prof.  Joseph  W.  Richards.   Mr.  Mathewson  presided  at  the  meeting. 

The  following  papers  were  presented  in  oral  abstract  by  their 
authors,  or  authors'  representatives : 

Concentration  of  Slimes  at  Anaconda,  Mont.,  by  Ralph  Hayden. 

The  Great  Falls  System  of  Concentration,  by  Albert  E.  Wiggin. 

The  Anaconda  Classifier,  by  Robert  Amraon. 

Application  of  Hindered  Settling  to  Hydraulic  Classifiers,  by  E.  S. 
Bard  well. 

Determination  of  Gases  in  Smelter  Flues ;  and  Notes  on  the  Deter- 
mination of  Dust  Losses  at  the  Washoe  Reduction  Works,  Anaconda, 
Mont,  by  Edgar  M.  Dunn. 

Arsenic  Trioxide  from  Flue  Dust,  by  James  O.  Elton. 

Ore-Dressing  Improvements,  by  Robert  H.  Richards. 

Topographic  Maps  for  the  Mining  Engineer,  by  E.  G.  Woodruff. 
Discussed  by  C.  W.  Goodale,  F.  A.  Linforth,  E.  P.  Mathewson,  E.  W. 
Parker,  Van.  H.  Manning,  and  John  Gillie. 

The  fifth  session  was  held  at  the  Auditorium,  in  Butte,  Mont.,  on 
Wednesday,  Aug.  20,  1913,  at  9.80  a.m.  Prof.  Joseph  W.  Richards 
presided.  The  following  papers  were  presented  by  their  authors,  or 
authors'  representatives : 

The  Southern  Cross  Mine,  Georgetown,  Mont,  by  Paul  Billingsley. 

The  Reducibility  of  Metallic  Oxides  as  Affected  by  Heat  Treat- 
ment, by  W.  McA.  Johnson. 

Rock-Drilling  Economics,  by  William  L.  Saunders. 

A  Note  on  the  Occurrence  and  Manufacture  of  Refractories  in 
Montana,  by  W.  H.  Gunniss.  Discussed  by  Joseph  W.  Richards 
and  E.  P.  Mathewson. 

Applied  Geology  in  the  Butte  Mines,  by  F.  A.  Linforth.  Dis- 
cussed by  B.  H.  Dunshee. 

The  following  papers  were  presented  by  title : 

Thermal  Effect  of  Blast>Furnace  Jackets,  by  Robert  P.  Roberts, 

The  Discovery  and  Opening  of  a  New  Phosphate  Field  in  the 
United  States,  by  C.  Colcock  Jones. 

The  sixth  session  was  held  at  the  Auditorium,  in  Butte,  Mont.,  ou 
Wednesday,  Aug.  20,  1913,  at  8.30  p.m.  First  Vice-President  Ben- 
jamin B.  Thayer  presided.  The  following  papers  were  presented  in 
oral  abstract  by  their  authors,  or  authors'  representatives : 
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The  Precipitation  of  Copper  from  the  Mine  Water 
istrict,  by  John  C.  Febles.     Biecussed  by  Joseph  W. 

Notes  on  the  Electrolytic  Refining  of  Copper  Preci 
{ "W.  T.  Burns. 

The  Compressed  Air  System  of  the  Anaconda  Coppi 
iitte,  Mont.,  by  Bruno  V.  Nordberg. 

Increasing  the  Efficiency  of  MacDougall  Roasters  at  I 
Tielter  of  the  Anaconda  Copper  Mining  Co.,  by  F.  I 

S.  Rodgers. 

The  Tin  Situation  in  Bolivia,  by  Howland  Bancroft. 

Notes  on  the  Metallography  of  Refined  Copper,  by  ] 

The  Coal  Fields  of  Montana,  by  Engene  Stebinger. 

The  following  papers  were  presented  by  title  ; 

The  Electrification  of  the  Butte,  Anaconda  &  Pacif 
.  E.  Wade. 

The  Substitution  of  Air  for  Water  in  Diamond  Dril 
rilcox. 

The  Metaline  Plant  of  the  Inland  Portland  Cement 
alls,  Wash.,  by  Milo  W.  Krecji. 

Valuation  of  Coal  Land,  by  H.  M.  Chance.  Discu 
.shley. 

Cement  Materials  and  the  Manufacture  of  Portlai 
[ontana,  by  W.  H.  Andrews. 

Exmrsions  and  Mntertammmts. 

The  members  and  guests  assembled  at  the  Rainbow 
alls,  Mont.,  on  the  morning  of  Saturday,  Ang.  16,  v 
on  facilities,  badges,  booklets,  and  programs  were 
here  they  were  met  by  the  Local  Committees. 

The  members  were  then  taken  by  automobile  to  v 
ectric  developments  at  Great  Falls,  and  Rainbow  Fal 
)uri  river,  with  a  visit  to  the  Giant  Springs  on  the  rei 

In  the  afternoon  the  party  was  again  taken  by  ant 
lant  of  the  Boston  and  Montana  Smelter,  every  depart 
as  offered  for  inspection,  and  explained  by  membert 
ir^cal  stafi. 

On  Sunday,  Aug.  17,  the  members  left  Great  Fal 
'here  luncheon  was  served  at  the  Placer  Hotel  throug 
y  of  the  Local  Committee,  after  which  a  sight-seeing 
ity  was  made  by  some  of  the  members  and  guests,  w 
:ed  the  lead-silver  smeltery  of  the  American  Smelting 

At  4.20  p.m.  the  party  left  Helena,  arriving  in  But 
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ing.  The  headquarters  of  the  Institute  at  Butte  was  at  the  Silver 
Bow  Club,  which  Club,  together  with  the  University  Club  and  the 
Butte  Country  Club,  extended  its  courtesies  to  the  visiting  members 
and  guests  during  their  stay.  * 

On  the  morning  of  Monday,  Aug.  18,  the  ladies  of  the  party 
were  entertained  by  the  wives  of  the  local  Institute  members  on  a 
sight-seeing  trip  about  the  city  of  Butte,  with  a  luncheon  at  the  Silver 
Bow  Club,  and  a  visit  in  the  evening  to  the  Butte  Country  Club  as 
the  guests  of  Mrs.  Dr.  F.  W.  McCrimmon. 

In  the  afternoon  competent  guides  were  provided  for  visits  by 
members  and  guests  to  any  one  of  the  following  points  of  interest: 

Inspection  of  electrically-driven  air-compressor  plants  and  air  hoietB 
at  the  High  Ore  mine. 

Inspection  of  the  underground  workings  and  pumps  at  either  the 
Original,  Leonard,  North  Butte,  or  Tramway  mines. 

Inspection  of  the  underground  workings  and  of  the  zinc  mill  of  the 
Butte  &  Superior  Copper  Co. 

Inspection  of  the  mine  and  of  the  copper-leaching  plants  of  the 
BuUwhacker  Copper  Co.,  and  of  the  Butte  &  Duluth  Mining  Co. 

General  surface  trip  of  inspection  of  the  mines  and  surface  geology 
of  the  Butte  district. 

On  Tuesday  morning  the  party  was  taken  by  special  train  to  the 
Washoe  Smeltery,  at  Anaconda,  where  they  were  conducted  by  the 
Local  Committee  on  a  trip  of  inspection  through  the  plant  A  spe- 
cial train  then  took  the  party  to  the  town  of  Anaconda,  where 
luncheon  was  served  at  the  Montana  Hotel. 

In  the  afternoon,  after  the  technical  session,  the  special  train  car- 
ried the  members  and  guests  back  to  Butte. 

On  Tuesday  evening  the  party  assembled  at  the  Auditorium,  where 
some  extraordinarily  interesting  moving  pictures  by  Max  Hebgen, 
illustrating  the  hydro-electric  development  of  Montana,  were  pre- 
sented. Following  this  special  cars  carried  the  members  and  guests 
to  Columbia  Gardens,  where  a  very  pleasant  social  evening  was  spent 
visiting  the  gardens,  with  dancing  by  those  who  cared  to. 

On  Wednesday  the  ladies  were  carried  by  automobile  to  the  Basin 
Reservoir  as  guests  of  the  Butte  Water  Co.  Luncheon  was  served, 
Mrs.  Eugene  Carroll  acting  as  hostess,  assisted  by  the  wives  of  the 
local  members.  The  afternoon  was  spent  in  boating  on  the  lake,  and 
other  social  recreations. 

In  the  afternoon  the  men  of  the  party  made  visits  of  inspection  to 
the  different  points  of  technical  interest  in  Butte,  listed  above. 

On  Thursday,  Aug.  21,  a  special  train  conveyed  the  party  to  the 


PB0CBBDING8   OF  THE   BDTTI   HBBTINa.  2641 

ithem  Cross  mine,  where  an  exceedingly  pleasant  day  was  spent 
iaily  and  in  vieiting  the  mine.  A  very  good  luncheon  was  served 
the  mine  from  dinner  bncketa. 

rhe  meeting  closed  with  a  banquet,  which  was  given  at  the  Silver 
w  Clab  at  8-30  p.m.  Mr.  William  L.  Saandere  acted  ae  Toastmas- 
,  and  the  following  toaet«  were  responded  to : 

Cornelius  F.  Kelley,  "Butte." 

Charles  F.  Rand,  "  The  A.  I.  M.  E." 

Lee  Mantle,  "  Montana." 

J.  H.  Dnrston,  "  The  Press." 

Bradley  Stoughton,  "  Co-operation  for  Institute  Progress." 
)ne  hundred  and  sixty-two  members  and  more  than  800  guests 
mded  the  meeting.     The  attendance  at  technical  sessions  varied 
m  125  to  182  each. 


Great  Palls  Converter  Practice. 

GaasioD  of  the  p«per  of  AidMr  E.  Wheeler  anil  Milo  W.  Krejci,  presented  ftt  the  Butb 
leetiiiK,  AuguU,  1913,  sod  printed  in  BuUtHn  No.  80,  August,  1913,  pp.  1831  to  1880. 

Bradlbt  Stodohton,  New  York,  K.  Y. : — I  would  like  to  asl 
-.  Krejei  whether  they  have  tried  mixing  coke  duBt  with  the  lion 
thoae  converters  and,  ii  so,  if  any  advantage  has  been  fonnd.  I 
B  been  a  very  great  advantage  in  the  eteel  converters  where  cok» 
Bt  has  been  mixed  with  the  lime  near  the  tuyeres.  Of  course  th< 
eot  that  causes  the  corrosion  at  that  point  is  oxide  of  iron,  am: 
£e  seems  to  prevent  the  formation  of  the  oxide  of  iron  and  so  pro 
it  the  tuyeres.  It  would  be  intereating  to  know  if  it  had  the  samt 
ect  io  the  copper  converters. 

Milo  W.  Kbbjci  : — We  have  never  tried  it  here.  At  Anacondt 
)  tuyere  section  was  formerly  put  in  by  mixing  magneaite  with  ta] 
i  ramming  that  into  the  tuyere  section,  but  they  have  abandonee 
it  Might  I  ask  how  you  would  apply  the  coke  dust  ?  How  gei 
nto  the  tuyere  section  ?    How  hold  it  there  ? 

Bradlbt  STonaHiON : — The  coke  dust  is  mixed  with  silica  and  claj 
d  then  rammed  in  and  burned.  I  suppose  in  your  converters  v 
aid  he  mixed  with  the  magnetite  or  magnesite  and  then  agglom 
ited  with  the  material  in  place. 

Milo  W.  Krbjoi  : — We  never  tried  it  here. 

Prop.  Joseph  W.  Richards,  South  Bethlehem,  Pa. : — I  would  lik» 
ask  how  thick  this  deposit  of  magnetite  is  on  the  lining.  Hov 
ck  a  layer  would  be  practical  ? 

Milo  W.  Krejci  : — About  2  in,  would  be  sufficient. 

SoLOHON  Lb  Fbvrb,  Mineville,  N.  Y. : — I  was  interested  to  heai 
the  use  of  magnetite  in  connection  with  the  copper  smelter.  ] 
I  interested  in  the  mining  of  magnetite,  hut  was  not  aware  that  ii 
d  been  used  at  all  by  the  copper  metallurgistB. 
Magnetite  in  lump  form  is  used  largely  for  bottoms  of  open-heartl 
el  famaces.  The  lumpB  are  filled  in  with  a  mortar  of  hematite  ore 
le  chief  advantage  of  the  Mineville,  X.  Y.,  lump  ore  is  that  it  glazei 
er  when  the  heat  strikes  it,  instead  of  decrepitating  as  some  orei 
11.  I  see  no  reason  whj-  it  should  not  be  used  for  copper  rever 
ratory  furnaces. 
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Perhaps  in  the  converters,  if  after  the  brick  were  heated  the  mag- 
netite could  be  blown  in  with  something  like  the  "cement  gun"  it 
would  immediately  stick  fast  and  form  the  glaze  of  magnetite  sought 
for  over  the  brick. 

Mild  W.  Krejci  : — We  might  say  to  Mr.  Le  Fevre  that  we  had 
discussed  the  advisability  of  trying  to  get  some  combination  of  this 
magnetite  in  the  reverberatory,  but  we  haven't  seen  our  way  clear  to 
get  it  in  there,  to  have  it  stick. 

Herbert  Haas,  San  Francisco,  Cal.  (communication  to  the  Secre- 
tary*) :  An  authoritative  historical  review  of  the  development  of  a 
process  is  not  only  of  great  interest,  but  also  of  great  value,  as  it 
preserves  for  future  workers  a  record  of  what  has  previously  beeo 
done.  A  detailed  history  of  metallurgical  processes,  chronicling 
failures  as  well  as  successes,  is  particularly  valuable,  and  Messrs. 
Wheeler  and  Krejci's  paper  on  Great  Falls  Converter  Practice,  past 
and  present,  is  a  valuable  contribution  to  the  literature  of  the  metal- 
lurgy of  copper.  The  great  value  of  authentic  historical  records  of 
the  development  of  important  industries,  chiefly  the  metallurgical 
and  mechanical  industries,  is  beginning  to  be  realized  in  an  increas- 
ing measure  by  engineers,  and  the  Institute  would  confer  great 
benefit  upon  the  copper  industry  and  the  science  of  copper  metal- 
lurgy if  it  would  undertake,  with  the  co-operatiOn  of  our  emineot 
copper  metallurgists  and  specialists,  the  publication  of  a  standard 
work  on  the  history  of  copper,  that  would  rank  with  L.  Becks's  Gf- 
schichte  des  Eisens  (History  of  Iron),  or  Conrad  Matschloss's  Dk  EaU 
wickhmg  der  Dampfmaschine  (The  Development  of  the  Steam  Engine) 
and  his  Bdirage  zur  Geschichte  der  Technik  und  Industrie  (Contribu- 
tions to  the  History  of  Technology  and  Industry),* 

Much  of  our  information  on  copper  is  scattered  through  many 
publications,  and  a  great  portion  thereof  deals  more  with  analytical 
and  chemical  data  than  with  the  evolution  in  the  mechanical  design 
and  construction  of  apparatus  in  use  at  different  times.  Papers  that 
record  and  give  due  weight  to  the  mechanical  development  in  the 
metallurgy  of  copper  are  of  particular  value.  The  recent  example  set 
by  Montana  engineers  in  contributing  so  many  excellent  papers  to  the 
Transactions  should  be  emulated  by  other  workers  in  that  field  of 
metallurgy. 

This  discussion  relates  only  to  the  latest  development  of  Great  Falls 

*  Received  Sept.  9,  1913. 

*  Four  volumes  of  the  latter  hare  appeared  to  date  ;  Julius  Springer,  Berlin. 
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v-erter  practice,  and  I  shall  confine  the  same  at  present  to  rate  of 
lation,  i.  e.,  speed  of  converting;  number  and  size  of  tuyeres;  effi- 
icy  of  air;  and  air  volnme.  In  December,  1912,  and  January, 
3,  and  again  in  May,  I  conducted  a  series  of  experiments  with  a 
s  model  of  a  converter.  Figs.  1  and  2,  to  study  the  effect  of  size, 
ction,  arrangement,  and  number  of  tuyeres  on  the  circulation  of 

converter  bath  (in  my  experiments,  water,  brine,  and  mercury 
e  used),  and  evolved  a  new  converter  construction.     This  work 

the  considerations  in  view  were  embodied  in  a  paper,  A  Proposed 
V  Form  of  Converter  and  Moditication  in  Besaemerizing  Copper 


FlO.    1. — EZPERIMBHTAL  QlA^   MoDEI.   OP  COHVBKTER. 

ttes.  It  was  my  intention  to  have  this  paper  ready  for  the  Butte 
rting,  but  as  [  have  not  until  the  present  date  been  able  to  com- 
:e  it,  owing  to  pressure  of  other  work,  I  trust  that  certain  portions 
reof  bearing  upon  this  discussion  may  here  be  quoted. 

Bate  of  Oxidation,  or  Speed  of  Converting. 
^is  is  primarily  dependent  on  the  speed  with  which  oxygen  (air) 
mmped  into  the  converter.     During  the  first  period,  when  blowing 
matte,  we  have  the  reaction : 

X  Cu,S.F<!S  +  BO  =  r  Cu,S  +  FeO  +  SO, 
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and  daring  the  second  period,  when  blowing  on  "white  metal": 

Cu,8  +  2  O  =  li  Cn  +  SO, 
For  every  pound  of  oxygen  forced  into  the  converter  there  will  be 
oxidized,  according  to  thia  formula,  1,17  lb.  of  Fe  and  0.67  lb.  of  S, 

with  the  ratio  of    '  =  1.75,  duriogthe  first  stage  of  the  process. 

and  one  lb.  of  S  during  the  second  etage.     In  actual   practice  the 

Fe 
ratio  -Q-  IS  more  nearly  2;  i.  e.,  twice  as  much  iron  as  sulphur  {bv 

weight)  is  oxidized.     Thia  is  due  to  the  fact  that  nearly  all  mattes  do 


Flo.  2.— Sgpakatb  Pab'k  of  Model. 
not  conform  to  the  ideal  composition  x  FeS-Cu^S,  in  whieji  all  the  i-op- 
per  and  iron  is  combined  with  sulphur  (as  Cu,8  and  FeS),  but  have 
metallic  copper  disHolved  in  the  FeS;  the  greater  the  amount  of 
FeS,  the  greater  is  the  amount  of  metallic  copper  that  can  be  so  helii 
in  solution. 

As  converting  progresses,  tlie  amount  of  FeS  diminishes,  and  intli 
it  the  amount  of  metallic  copper  that  is  held  in  solution.  That  is,  the 
relative  amount  of  copper  combined  with  sulphur  increases  and  the 
amount  of  metallic  copper  decreases   tiA   the  FeS   diminishes,  antii 
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practically  all  FeS  is  eliminated,  and  blowing  on  "  white  metal  *' 
begins.  This  is  equivalent  to  a  decrease  in  the  rate  of  elimination  of 
the  sulphur,  and  an  increase  in  the  rate  of  elimination  of  the  iron.  A 
portion  of  iron  already  oxidized  is  also  introduced  with  the  siliceous 
flux,  which  is  not  properly  chargeable  to  iron  elimination  by  air 
oxidation.  By  computing  the  rate  of  oxidation  on  the  basis  of  the 
formula  FeS  -h  Z  0,  the  converting  speed  would  really  be  somewhat 
slower  than  in  actual  practice,  but  the  above  figures  are  sutficiently 
accurate  to  determine  converter  capacity. 

Thus,  by  forcing  200  kg  of  oxygen  per  minute  into  the  converter, 
234  kg.  of  Fe  per  minute  would  be  oxidized  to  300  kg.  of  FeO  (assum- 
ing that  no  Fe30^  is  formed),  and  133  kg.  of  S  per  minute  to  266  kg. 
of  SOj .  Two  hundred  kg.  of  oxygen  corresponds  to  870  kg.  of  air, 
equal  to  673  cu.  m.  (at  standard  conditions  of  temperature  and  pres- 
sure), or  24,000  cu.  ft.,  of  air  per  minute,  which  corresponds  closely 
to  the  air  volume  used  in  the  latest  20-ft.  Great  Falls  converter.  The 
proper  distribution  or  diffusion  of  so  large  a  volume  of  air  through  the 
converter  charge  is  not  only  necessary  to  secure  the  required  speed  of 
reaction,  but  to  blow  on  shallow  charges  with  low  air  pressure,  to  pre- 
vent the  throwing  out  of  the  converter  charge  and  to  avoid  mechanical 
losses  (shot  copper  and  matte),  accretions  on  and  fouling  of  the  con- 
verter mouth,  and  undue  localization  of  oxidation,  with  increased 
wear  on  the  lining  in  the  tuyere  zone.  It  is  to  this  subject  pertaining 
to  copper-converter  construction  that  I  have  given  my  attention  since 
the  introduction  of  the  large  Pierce-Smith  basic-lined  converters,  and 
the  one  more  recently  put  into  operation  at  Great  Falls. 

My  own  experiments  with  the  glass  model  converter  confirmed 
what  Messrs.  Wheeler  and  Krejci  described  with  reference  to  the  cir- 
culation in  their  small  experimental  tank  with  glass  bottom.  That 
the  air  blast  would  not  penetrate  the  charge  appreciably  in  a  forward 
(horizontal)  direction  before  it   rises  is  to  be  expected  on  purely 

W 

physical  grounds,  as  the  mass  (  m  =       )  of  air  compared  with  that  of 

water  is  very  small,  and  still  smaller  as  compared  with  that  of  matte, 
90  that  the  force  stored  in  the  air  is  soon  spent,  owing  to  the  resist- 
ance offered  by  the  matte.  The  vertical  component  of  the  reacting 
forces,  due  to  the  low  specific  gravity  of  the  air,  which  has  only  about 
iimif  ^^  ^^^  weight  of  an  equal  volume  of  matte  when  heated  to  the 
temperature  of  the  converter  contents,  is  infinitely  larger  than  the 
horizontal  component,  so  that  the  resultant  will  be  practically  vertical ; 
i.  e.,  the  air  will  rise  almost  immediately.*     It  will  rise  more  quickly 

'  I  called  attention  to  this  action  of  the  air  in  a  side-blown  converter  in  a  previous  article, 
The  Vortex  Copper  Converter,  Engineering  and  Mining  Joumcd,  vol.  Ixzxiz.,  No.  19,  p. 
972  (May  7,  1910). 
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through  matte  than  through  water,  provided  viscosity  is  not  an  im- 
peding force.  Such  an  impedance  is  offered  by  the  converter  slag, 
which  is  viscous  compared  with  slags  made  in  furnace  operations. 
How  the  converter  slag  may  affect  tiie  speed  of  converting  will  be 
shown  below. 

"  To  set  up  a  circulation  in  a  direction  opposite  to  that  described 
as  had  been  thought  probable"  by  Messrs.  Wheeler  and  Bj-ejci, is 
hardly  feasible,  for  other  reasons  than  that  already  given  above, 
which  reasons  will  also  explain  why  the  circulation  in  a  side-blown 
copper  converter  is  precisely  of  the  nature  observed  by  Messrs. 
Wheeler  and  Krejci  in  their  experiments.  In  a  converter  this  circu- 
lation is  greatly  intensified. 

One  of  the  considerations  that  led  me  to  design  a  bottom-blown 
converter  was  the  apparent  localization  of  the  oxidation  in  the 
present  type  of  side-blown  converter.  This  is  especially  noticeable  in 
the  Great  Falls  converter,  where  the  tuyeres  are  confined  to  a  rela- 
tively small  portion  of  the  inside  converter  perimeter,  and  the  tujere 
orifices  are  from  8  to  15  ft.  removed  from  the  opposite  side  of  the 
converter.  In  the  large  Pierce-Smith  converters  this  distance,  as  a 
rule,  is  10  ft.  Here  the  loaalization  of  the  oxidation  is  not  quite  so 
pronounced,  as  the  tuyeres  are  spaced  over  the  entire  length  of  the 
cylinder  (from  20  to  30  ft.  inside)  and  a  much  smaller  air  volume  is 
delivered.  Notwithstanding  this  condition  of  concentrating  the  blow- 
ing to  one  side  of  these  converters,  new  matte  is  constantly  brought 
into  contact  with  the  air.  Comparing  the  density  of  air  with  that  of 
water,  matte,  "white  metal,"  and  blister  copper,  we  find  that  at 
ordinary  temperatures,  say  15°  C,  1  cu.  m.  of  water  is  800  times 
heavier  than  1  cu.  m.  of  air,  that  matte  is  8,600  times  heavier,  "  white 
metal "  4,400  times  heavier,  and  blister  copper  6,800  times  heavier 
than  an  equal  volume  of  air.  This  air,  when  pressed  into  the  con- 
verter, is  heated  to  the  temperature  of  the  converter  contents  (from 
1,150°  to  1,200°  C),  as  the  result  of  which  the  gases  expand  to 
about  five  times  the  original  air  volume.  Thus  the  gas  becomes  cor- 
respondingly lighter,  the  relative  weights  of  equal  volumes  of  matte 
and  gas  being  about  as  18,000  to  1.  This  large  volume  of  gas  is 
principally  confined  to  the  tuyere  zone,  and  the  matte  near  the  tuyere 
zone  is  rendered  less  dense  thereby.  The  matte  in  the  other  part  of 
the  converter,  which  is  not  diffused  by  gas,  retains  its  normal  density, 
and  exerts,  therefore,  a  greater  hydrostatic  pressure.  As  this  is  equal 
in  every  direction,  at  any  given  height,  a  differential  in  pressure 
exists  between  this  matte  of  normal  density  and  the  "  wall "  of  gas- 
diffused  matte  of  lower  density.     This  condition  will  set  up  a  flow  in 
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the  direction  of  the  tuyere-zone  which,  will  bring  into  contact  with 
the  air  a  constant  fresh  supply  of  matte.  At  the  tuyere  level,  where 
the  hydrostatic  pressure  is  greater  than  at  points  higher  up,  this  flow, 
or  circulation,  will  be  more  rapid.  The  large  volume  of  gas  will 
cwrrj  with  it  and  bring  to  the  surface  of  the  matte  bath  a  certain 
amount  of  matte  and  create  a  violent  wave  motion  in  a  direction  away 
from  the  tuyere  side.  This  localization  of  the  oxidation  and  circula- 
tion at  the  tuyere  zone  causes  increased  wear  on  that  portion  of  the 
converter  lining.  In  Fig.  8  the  circulatory  action  above  described  is 
illustrated. 


FlQ.  3. — ClBCULATION  OF  THE  BaTH  IN  A  SiDB-BlOWN  CONVERTER. 

Arguing  that  the  rate  of  conversion  could  be  increased,  and  at  the 
^me  time  the  intense  localization  of  the  oxidation  in  so  small  an  area 
of  the  large  converters  used  at  present  greatly  reduced,  I  designed  a 
bottom-blown  converter,  the  salient  points  of  which  are  shown  in 
Pigs.  4,  5,  and  6. 

Referring  to  Fig.  4,  it  will  be  at  once  noticeable  that  the  tuyeres 
*re  not  distributed  over  the  entire  converter  bottom,  but  are  confined 
to  a  concentric  area,  in  size  about  one-quarter  of  the  total  area  of  the 
bottom.  This  confines  the  oxidation  and  the  ascending  gases  to  a 
•central  column  of  the  converter  bath.  The  gases  here  have  the  same 
effect  of  materially  decreasing  the  density  of  the  matte  as  has  been 
explained  above  for  the  side-blown  converter,  but  with  this  marked 
difference:  The  outside  "ring"  of  matte  inclosing  the  central 
**  geyser,"  having  a  greater  density  and  therefore  greater  hydrostatic 
pressure,  is  continually  flowing  toward  the  tuyere  bottom,  and 
asceads  with  a  large  volume  of  gas,  overflowing  at  the  surface  and 
spreading  toward  the  periphery. 

In  Fig.  5  this  tuyere  bottom  is  elevated,  the  brickwork  being  sup- 
ported by  a  hollow,  cast-steel  truncated  cone,  which  serves  as  a  wind 


*  •• 
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box.  This  elerated  tuyere  bottom  forma  an  annulaF  sump,  in  which 
can  be  stored  a  considerable  tonnage  of  matte.  With  this  raised 
tuyere  bottom,  it  is  possible  to  blow  on  a  shallow  bath  of  matte  and 
yet  have  a  large  volume  of  matte  stored  in  the  converter.  This  matte 
acts  as  a  beat  accumulator,  and  will  be  particularly  useful  when  von- 
centrales  are  to  be  smelted  in  the  converter  by  blowing  them  into  the 
matte  through  the  tuyeres.     This  feature,  to  which  my  converter  is 


Fio  4  — Plak  a 


ei*pccially  applicabk,  I  sbail  disiuss  at  greater  length  in  ray  paper. 
Suffice  it  to  tay  here  that  w  ith  tlit  \niid  box  tlosed,  and  in  the  abseme 
of  tuyere  valves  and  tuyore  punching,  there  could  be  no  objection  Ic 
this  practice  on  tlie  ground  of  mechunical  losses  through  the  tuyere 
valves  when  the  tuyeres  are  being  punched. 

My  converter  is  also  provided  with  a  large  slag  mouth,  a  short  (ii»- 
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lee  above  the  slag  line.  Instead  ot  tilting  the  converter  completely 
slum  the  slag,  or  blowing  for  too  long  a  period  on  matte  and  letting 
i  slag  accumulate,  this  converter  would  be  tilted  at  frequent  inter 
Is  to  pour  off  the  slag.  To  accomplish  this,  the  converter  will  havi 
he  tilted  only  a  few  degrees.  The  removal  of  the  slag  at  frequen 
ervals  appears  especially  desirable,  ae  it  has  been  observed  that  thi 
:e  of  oxidation  falls  off  if  the  slag  ia  left  to  accumulate  and  increase 
th  the  bath  skimmed  clean  of  slag.'  This  may  be  due  to  the  fac 
it  the  80j  gas  may  be  kept  included  in  the  matte,  as  it  cannot  pas 
so  freely  through  the  viscous  slag,  and  thus  vitiates  the  oxidizinj 
wer  of  the  air. 


Fia.  5. — Elevated  Tdvbre  Bottok  roR  Bottoh-Blowh  Convbrter. 

The  static  column  is  also  kept  low  by  a  frequent  removal  of  th 
g.  The  converter  would  be  worked  very  much  as  converters  ar' 
rkcd  at  present.  Frequent  charges  of  matte  are  given,  until  ther 
i  considerable  accumulation  of  white  metal.  The  peculiar  feature 
len  working  with  the  elevated  tuyere  block,  ia  the  alight  increaa 
the  height  of  the  matte  column  above  the  tuyere  block,  aa  wit) 
;  elimination  of  a  portion  of  the  sulphur  and  of  the  iron  the  matt 
inks  in  volume.  When  blowing  on  "white  metal"  begins,  th< 
ight  of  the  column  above  the  tuyeres  becomes  constantly  less,  wit) 
i-oiistant  reduction  in  air  pressure  required,  notwithstanding  th 
t  that  the  density  increases  at  the  same  time.  This  ia  due  to  . 
■tain  relationship  between  the   area  and  volume   capacity  of  th 

C«rr  B.  Neel :  Enginetring  and  Mining  Journal,  vol,  ici.,  No.  14,  p.  707  (Apr.  t 
1)- 
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Height,  15  ft.  ;  helmet,  7  ft  Diameter,  shell,  20  ft. ;  inside,  16  ft  90  tajeies, 
1.5  in.  in  diameter.  Storage  capacity  of  sump,  approzimatelj  264  cil  ft, 
or  about  70  tons  of  copper. 


Fio.  6.— Haas  Contintjous  Converter  with  Vertical  Tuyerbb  aot) 

Automatic  Tuyere  Puncher. 
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converter,  and  the  height  of  the  tuyere  block  above  the  converter 
bottom  proper. 

The  method  of  mounting  and  operating  the  converter  is  not  differ- 
ent from  that  now  in  use.  The  shell  is  connected  with  large  riding 
rings  resting  on  rollers,  or  riding  wheels.  To  one  of  the  riding  rings 
is  bolted  a  gear  ring,  which  is  engaged  by  a  pinion!  that  is  operated 
by  a  further  reduction  of  gears  from  a  direct-current  motor.  The 
drive  can  also  be  made  hydraulic.  The  converter  has  enough  of  a 
belly  to  hold  the  converter  contents  when  turned  down  in  the  direc- 
tion opposite  to  that  of  the  slag  mouth,  so  that  it  has  all  of  the  advan- 
tages of  the  converters  now  in  use.  To  secure  the  best  possible 
distribution  of  the  air  through  the  matte,  and  to  attack  as  large  a 
matte  surface  as  possible,  I  have  provided  my  bottom-blown  converter 
with  a  large  number  of  tuyeres  of  small  cross-sectional  area.  This 
was  also  done  to  avoid  the  formation  of  "  noses,"  which  my  investiga- 
tions lead  me  to  believe  are  wholly  due  to  the  large  volume  of  air 
introduced  per  tuyere  in  the  present  type  of  side-blown  converter. 
By  establishing  a  proper  ratio  between  the  weight  of  air  introduced 
through  each  tuyere  per  minute  and  the  weight  and  size  of  a  << column" 
of  matte  immediately  above  and  surrounding  each  tuyere  orifice, 
chilling  should  be  prevented.  The  weight  of  air  introduced  per 
minute  through  each  tuyere  is  reduced  to  a  point  at  which  enough  heat 
can  be  transmitted  from  the  matte  to  the  air  to  heat  the  latter  and  still 
leave  the  matte  surrounding  the  rising  air  currents  at  the  tuyere 
orifice  in  a  molten  condition.  The  matte  flowing  toward  the  tuyere 
bottom  would  make  up  any  deficiency  in  heat.  In  the  side-blown 
converter  this  new  matte  comes  from  one  side  only,  the  other  side 
being  bounded  by  the  converter  wall.  By  subdividing  the  air  cur- 
rents the  air  surface  exposed  to  the  matte  will  be  greatly  increased, 
at  the  very  point  when  it  enters  the  matte,  and  the  air  will  thus  be 
more  readily  heated.  It  will  also  permit  of  working  with  a  shallower 
charge,  as  there  will  be  less  concentration  of  air  at  a  few  points,  with 
the  possibility  of  a  portion  of  this  concentrated  air  volume  escaping 
without  all  of  its  oxygen  having  been  utilized,  unless  it  is  made  to 
travel  through  a  deeper  matte  bath  to  prolong  its  contact  with  the 
matte.  I  shall  not  use  space  at  present  to  set  forth  thermo-chemical 
calculations  incorporated  in  my  paper,  which  confirm  my  view  that  a 
copper  converter  can  be  bottom  blown  without  having  to  resort  to 
any  punching  of  tuyeres. 

Messrs.  Wheeler  and  Krejci  are  quite  correct  in  saying  that  "  with 
proper  distribution  of  the  air  through  the  charge  the  speed  of  the  re- 
actions in  the  converter  is  undoubtedly  beyond  any  practical  rate  of 


I 


I'  -^ 


'  « 


« ■ 


I 


2654  GREAT    FALLS    CONVERTER    PRACTICE. 

supplying  the  air."  While  it  is  only  within  recent  years,  beginning 
with  the  introduction  of  Pierce-Smith  basic-lined  converters,  that  the 
volume  of  air  blown  into  copper  converters  per  minute  was  materially 
increased,  from  800  to  1,000  kg.  of  air  per  minute  (22,000  to  27,400 
cu.  ft.  per  minute)  has  been  the  rate  of  air  supply  to  20-  and  25-ton 
Thomas  (steel)  converters  for  a  number  of  years.  This  is  a  size  no 
longer  uncommon  in  large  steel  works  which  use  the  Thomas  process. 
These  converters  are  by  no  means  as  large  as  the  20-ft  Great  Falls 
converter,  but  they  convert  considerably  faster,  the  elapsed  time  being 
greatly  reduced.  While  the  20-ft.  Great  Falls  converter  has  about 
three  times  greater  air  supply  than  is  usual  with  the  Pierce-Smith 
and  the  smaller  12-ft.  size  Great  Falls  converters  now  being  installed 
in  various  works,  I  look  for  a  greatly  increased  air  supply  to  copper 
converters,  as  the  use  of  magnesite  linings  will  make  this  increased 
converting  speed  possible.  So-called  "  needle  bottoms,"  in  contradis- 
tinction to  "  tuyere  bottoms,"  *  have  been  commonly  used  for  a  num- 
ber of  years  in  Thomas  converters  with  great  success,  and  they  are 
not  only  considered  a  great  advance  over  the  old  style  tuyere  bottoms, 
but  one  of  the  principal  recent  advances  in  Thomas  converter  prac- 
tice.* These  needle  bottoms  have  a  large  number  of  small  tuyeres, 
from  260  to  300  of  them  in  20-  to  25-ton  converters,  their  diameter 
being  from  15  to  18  mm.  Thus  the  amount  of  air  introduced  per 
tuyere  per  minute  varies  from  3  to  3.5  kg.,  whereas  in  the  Pierce- 
Smith  converter  it  is  from  6  to  12  kg.,  and  in  the  latest  Class  V  20-ft. 
Great  Falls  converter  about  14  kg.,  with  62  1.75.in,  tuyeres,  and  about 
34  kg.  with  the  number  of  tuyeres  reduced  to  26  (2.25  in.).  From 
the  very  start  of  copper  converter  operations  the  weight  of  air  per 
minute  per  tuyere  has  been  larger  than  in  steel  converting,  and 
as  long  as  an  acid  lining  was  used,  that  corroded  rapidly,  a  limited 
number  of  tuyeres  was  desirable  for  various  reasons.  The  formation 
of  noses  and  clogging  of  tuyeres  was  pronounced,  as  corrosion  or 
"  slagging  "  of  the  lining  was  most  intense  in  the  tuyere  zone,  due  to 
the  circulation  set  up  as  described  above.  This  made  constant  punch- 
ing necessary,  and  for  reasons  of  construction  and  attendance  a  lim- 
ited number  of   tuyeres  was   desirable.      In  basic-lined   converters 


*  The  tuyere  bottoms  iisuallj  have,  not  a  few  large  tuyeres,  but  a  number  of  tapered 
tuyere  bricks,  each  containing  from  10  to  20  small  tuyeres,  from  0.25  to  0.5  in.  in  diameter. 
If  a  brick  is  damaged,  another  one  may  be  inserted  in  its  place.  This  has  the  same  effect  ss 
a  few  large  tuyeres  would  have  of  concentrating  the  volume  of  air  in  a  few  places.  In  the 
** needle  bottoms"  the  tuyeres  are  evenly  distributed  over  the  entire  bottom.  See  F.  W. 
Harbord,  The  Metallurgy  of  Steely  2d  ed.,  pp.  9  ei  seq,,  60  et  seq, 

^  30  Jahre  Thomas- Verfahren  in  Deutschland,  Slahl  und  Ei^en^  vol.  zxix.  No.  38,  p. 
1486  etaeg.  (Sept.  22,  1909). 
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slagging  does  not  occur  in  the  tuyere  zone,  but  above  it,  so  that  the 
air  blows  only  on  matte,  and  if  the  amount  of  air  passing  through 
each  tuyere  per  minute  be  limited  sufficiently  I  can  see  no  reason 
why  punching  should  be  any  more  necessary  than  it  is  in  steel 
<;onverting. 

To    heat    1    kg.   of    air    from     0°    C.    to     1,150°    0.    requires 
0.303  +  0.000027  t  X  1,150°  C. 


6 


=  (in   round   numbers)  800  kg-cal. 

It  will  therefore  be  seen  that  in  the  Great  Falls  converter,  with 
62  1.75-in.  tuyeres,  and  an  air  supply  of  14  kg.  per  minute  per 
tuyere,  4,200  kg-cal.  have  to  be  supplied  every  minute  by  the  matte 
for  each  tuyere  (70  cal.  per  second),  and  with  26  2.5-in.  tuyeres 
this  is  increased  to  10,200  cal.  per  minute  per  tuyere  (170  cal. 
per  second).  This  is  undoubtedly  far  in  excess  of  the  rate  at 
which  the  matte  can  transmit  the  heat  before  it  will  chill  around  the 
tuyere  orifice,  especially  so  in  view  of  the  close  spacing  of  large 
tuyeres  in  side-blown  converters  and  the  concentration  of  air  volume. 

In  the  modern  Thomas  converter,  due  to  the  higher  temperature, 
about  400  cal.  are  required  to  heat  1  kg.  of  air,  so  that  here  only 
from  1,200  to  1,400  kg-cal.  per  minute  per  tuyere  have  to  be  sup- 
plied. In  my  converter  I  propose  to  keep  it  between  800  and  1,000 
kg-cal.  per  tuyere  per  minute. 

Taking  as  an  example  my  converter  of  20  ft.  outside  diameter  and 

16  ft.  inside  of  lining,  in  which  I  restrict  the  tuyeres  to  a  circular  area 

8  ft  in  diameter  in  the  center  of  the  converter,  thus  forming  a  tuyere 

bottom  50  sq.  ft.  in  area,  which  is  surrounded  by  the  balance  of  the 

converter  bottom,  of  some  150  sq.  ft.  in  area,  and  using  300  18-mm. 

tuyeres,  I  would  have  a  total  tuyere  area  of  some  120  sq.  in.,  or 

144  X  50 

— — - —  =  60  sq.  in.  of  matte  surface  per  1  sq.  in.  of  tuyere  area. 

It  is  difficult  to  figure  the  exact  relation  between  tuyere  distribu- 
tion and  the  matte  surface  belonging  to  it  in  a  side-blown  vertical 
converter,  as  all  tuyeres  are  arranged  in  a  line  lying  in  the  same 
plane  through  the  vertical  wall  of  the  converter. 

Allowing  240  in.  as  the  length  of  the  arc  in  which  the  tuyeres  of 
the  Great  Falls  converter  are  placed,  and  allowing  the  same  distance 
above  and  below  each  tuyere  as  the  distance  between  centers  of  tuy- 

*  As  nitrogen  forms  the  largest  portion  of  the  converter  gases,  and  the  mean  specific 
heat  of  SO,  is  greater  than  that  of  air,  the  fact  that  part  of  the  oxygen  of  the  air  combines 
with  FeO  may  be  neglected,  as  this  way  of  figuring  agrees  within  5  per  cent,  with  the 
amoant  of  heat  carried  off  by  the  waste  gases.  It  is  reasonable  to  suppose  that  the  air  is 
heated  to  the  temperature  of  the  matte  before  oxidation  is  rapid.  In  the  above  calculation 
the  loss  in  heat  of  the  air  on  expanding  when  leaving  the  tuyere  orifice  was  neglected. 
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eres,  we  would  have  an  approximate  surface  of  8  X  240  =    '       = 

1  920 
12.2  sq.  in.  of  matte  surface  per  1  sq.  in.  of  tuyere  area,  and  -^-—  = 

106 

18.2  sq.  in.  of  matte  surface  per  1  sq.  in.  of  tuyere  area,  with  the  62 
and  26  tuyeres  respectively. 

With  this  subdivision  of  the  air  currents,  the  air  surface  exposed  to 
the  matte  when  the  air  leaves  the  tuyeres  is  also  greatly  increased.* 
In  the  Great  Falls  converter  this  is  only  184  sq.  in.  for  1  in.  length 
of  the  projected  air  current  (product  of  1  in.  length  x  periphery  of 
tuyere  opening),  whereas  it  is  670  sq.  in.  in  my  converter,  or  3.64 
times  as  large.  This  will  influence  very  favorably  the  speed  of  re- 
actions. 

Largs  Tuyeres  versus  Small  Tuyeres  in  Converters. 

"  Another  point  of  superiority  of  a  few  large  tuyeres,  within  the 
limits  of  working,  over  many  small  ones,  is  in  the  decreased  resist- 
ance to  the  air,  and  consequently  a  lower  necessary  pressure." 

I  agree  with  the  first  part  of  this  statement  by  Messrs.  Wheeler  and 
Krejci,  and  if  we  were  dealing  simply  with  a  case  of  selecting  the 
proper  size  of  pipes  to  accommodate  a  certain  flow  of  air  large  pipes 
would  be  dictated  on  the  ground  of  power  economy.  But  it  does 
not  follow  that  if  a  large  number  of  small  tuyeres  were  used  in  a  con- 
verter a  higher  working  pressure  would  be  necessary,  which  is  im- 
plied in  the  closing  part  of  the  above-quoted  statement.  With  proper 
modifications  in  design,  on  account  of  the  altered  conditions  intro- 
duced with  the  use  of  a  large  number  of  tuyeres,  the  iolal  frictional 
losses  in  my  type  of  converter  need  not  be  greater  than  those  in  the 
side-blown  type,  which  uses  a  few  large  tuyeres. 

The  principal  power  loss,  or  drop  in  pressure,  is  at  the  tuyere  ori- 
fices, and  not  in  the  tuyere  pipes  themselves.  This  power  loss  is 
chiefly  due  to  the  contraction  of  the  tuyere  orifices  by  frozen  matte 
adhering  to  them,  which  makes  the  orifices  not  only  smaller  in  area, 
but  very  rough,  thereby  greatly  increasing  the  velocity  and  frictional 
resistance.  This  increase  in  the  velocity  head  and  friction  head 
brings  about  a  drop  in  pressure,  or  loss  in  effective  power ;  that  is, 
the  power  used  in  compressing  the  air  is  mainly  spent  in  imparting 
this  increased  velocity  to  the  air,  causing  a  drop  in  pressure  and  a 
decrease  in  the  air  volume  delivered.  After  the  air  pressure  at  the 
tuyere  orifices  has  been  lowered  through  loss  of  power  represented 
by  the  velocity  head  and  friction  head,  there  must  still  be  sufficient 
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excess  pressure  left  to  overcome  the  various  resistances  offered  by  the 
matte,  which,  in  addition  to  the  actual  static  head,  are  due  to  surface 
tension,  viscosity  of  the  liquid,  etc.  As  I  have  already  stated,  I  believe 
that  it  is  the  large  volume  of  air  flowing  through  each  tuyere  that  is 
responsible  for  chilling  and  the  consequent  formation  of  noses;  of 
this  chilling  and  its  effect  in  increasing  the  power  requirements  there 
is  no  doubt,  as  we  have  ample  illustration  of  it  in  operating  basic- 
lined  copper  converters,  where  the  tuyeres  must  be  punched  fre- 
quently to  keep  them  open  and  to  prevent  the  air  pressure  from 
rising  rapidly.  As  the  charge  of  the  basic-lined  converter  must  be 
kept  at  a  relatively  low  temperature  (1,150°  C.)  to  prevent  excessive 
corrosion  of  lining,  this  tendency  of  the  air  blast  to  form  noses  is  in- 
creased. As  explained  before,  the  character  and  form  of  an  orifice 
through  which  air  flows  influence  frictionaJ  losses  tremendously; 
Weisbach's,  and  later  Zeuner's,  exhaustive  investigations  on  the  flow 
of  water  and  gases  (air,  steam,  etc.)  through  orifices  have  shown  how 
much  the  character  and  shape  of  an  orifice  influence  the  contraction 
of  the  vein  or  flowing  stream  and  friction,  and  determined  a  large 
number  of  empirical  coeflScients,  to  make  allowance  for  varying  con- 
ditions. In  the  case  of  the  converter  we  are  dealing  with  especially 
complex  conditions,  which  are  constantly  changing,  so  that  figuring 
the  theoretical  and  effective  velocities  and  weights  of  the  air  deliv- 
ered through  converter  tuyeres  by  Zeuner's  formula  ^  is  of  little  prac- 
tical value.  If  it  were  a  case  of  determining  the  amount  of  flow  of 
air  through  a  nozzle  from  an  air  receiver  or  air  main,  this  could  be 
done  quite  accurately. 

That  frictional  losses  in  converting  are  quite  large  is  evident  from 
the  fact  that  the  ratio  between  static  matte  pressure  and  total  air 
pressure  used  varies  from  0.2  to  0.4 ;  i.  e.,  an  air  pressure  from  5  to 
2.6  times  greater  than  the  pressure  due  to  static  head  is  required. 

Part  of  this  excess  pressure  is,  of  course,  requisite  for  safety  to 
avoid  filling  of  tuyeres.  I  figured  the  drop  in  pressure  due  to  fric- 
tion in  the  tuyere  pipes  of  the  Great  Falls  converter  and  bottom- 
blown  converter  of  my  type,  using  Lorenz's  formula.^ 

JP  Lv^ 

_    ---  a 

Pm  dT 


^  For  a  fall  explanation  of  the  derivation  of  this  formula,  which  is  a  subject  beyond  the 
compass  of  this  communication,  consult  the  works  of  Dr.  Gustav  Zeuner :  Technische  Ther- 
modifnamik,  vol.  ii.,  pp.  137  to  186,  and  vol.  L,  pp.  212  to  232.  A.  von  Ihering :  Die  Ger 
blase,  2d  ed.,  Part  II,  pp.  708  to  744.     HuUey  19th  ed.,  vol.  i.,  p.  326  e<  9tq, 

*  HiUit,  19th  ed.,  vol.  i.,  p.  335  et  seq. 
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In  which  ^  P  =  drop  in  pressure. 

Pm  =  mean  pressure  in  pipe. 
L  =  length  of  pipe  in  meters. 
V  =  velocity  of  flow  in  meters  per  second, 
d  =  diameter  of  pipe  in  millimeters. 
T  =:  absolute  temperature  =  278  -f  0°  C.  [pipe. 

a  =  empirical  coeflicient,  depending   on  diameter  of 

20-ft.  Great  Falls  Converter.  20-ft.  Haas  Converter. 

26  2.25-in.  Tuyeres.  300  18-mm.  Tuyeres, 

d  =  57  mm.  d  =  18  mm. 

L  =  0.8  m.  (length  of  tuyere  pipe).  L  =  0.8  m. 

V  =  170  m-sec.  v  =  150  m-sec. 

T=  273°  +  100°  C.  =  373.  T  =^  373. 

a  =  0.042.  a  =  0.050. 

J  P  _  170^  X^8  ^  -   0  05  ^^^'^^-^ 

__  0.042  y^-g^g-  Pj^  -    •       18x373 

0.042  2M20  (^  05  18^0 

21,261  6,714 

=  0,0458  =  4.58  per  cent.  =  0.1340  =  13.40  per  ccDt 

JP==PmX0.0458=0.0275kg-cm.2    JP=PmX0.134=0.0804kg-cm.= 

In  both  cases  a  working  pressure  of  0.6  kg-cm.*,  or  8.53  lb.  per 
square  inch,  has  been  taken  as  a  basis  of  comparison.  (1  kg-cm.*  or 
metric  atmosphere  =  14.2234  lb.  per  square  inch.) 

v^ 

The  formula  h„  =  f  L  -7^  -  gives  somewhat  different  values.    In  this 

w  4d 

formula  hw  is  the  **  head  "  expressed  in  millimeters  of  water  column 
required  to  overcome  the  resistance  or  friction  offered  by  the  pipe  to 
the  flow  of  air,  f  is  an  empirical  coeflicient  of  friction  =0.003, 
L  =  the  length  of  the  pipe  in  meters,  v  is  the  velocity  of  flow  in 
meters  per  second,  and  d  is  the  pipe  diameter  in  meters.^ 

According  to  this  formula,  using  the  same  values  as  above,  the  fric- 
tional  head  for  the  Great  Falls  converter  (2.25-in.  tuyeres)  is  305 
mm.  of  water,  or  0.0305   kg-cm.*,  and  for  the  Haas  converter,  with 

^  See  A.  von  Ihering :  Die  Qebldse^  2d  ed.,  part  IL,  p.  660  et  teq.  (Julius  Springer, 
Berlin). 

Knipping  ■  Zeitschrift  des  Vereines  deuiseKer  Ingeniewre^  vol.  Ivii.,  No.  31,  p.  1218  et  seq. 
(Aug.  2,1913,. 

D.  W.  Taylor,  U.  S.  N.  :  TranscLctions  of  the  Society  of  Naval  Architects  and  Marint  E^- 
neersj  vol   xiii.,  p.  9  eiaeq.  (1905). 
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18-mm.  (0.708-m.)  tuyeres,  750  mm.  of  water,  or  0,075  kg-cm.*  With 
the  same  gauge  pressure,  viz.,  0.6  kg-cm.',  the  percentage  losses 
woald  be  5.1  and  12.5  per  cent,  respectively. 

This  formula  is  not  strictly  applicable  for  these  conditions  when  as 
high  a  pressure  as  is  customary  in  converting  is  used,  but  is  used 
mainly  to  measure  frictional  resistance  iu  heads  of  water  in  ventilat- 
ing and  fan  systems.  The  Lorenz  formula,  based  on  very  extensive 
investigations,  is  used  to  measure  the  drop  in  pressure  due  to  fric- 
tion in  pipe  lines  conveying  compressed  air,  and  should  give  values 
sufficiently  correct  for  our  purpose. 

In  both  of  these  calculations,  the  velocity  was  figured  according  to 

the  formula  V  =  .  -  in  which  V  is  the  velocity  of  flow  of  the  air  in  me- 
ters per  second,  Q  the  volume  of  air  in  meters  delivered  per  second, 
and  A  the  discharge  area  in  meters.  The  air  volume  delivered  to 
both  converters  was  figured  at  25,000  cu.  ft.,  or  710  cu.  m.,  per 
minute,  the  area  as  106  and  120  sq.  in.  respectively.  In  reality,  this 
(theoretical)  condition  is  not  attained,  as  a  smaller  volume  would  be 
delivered  through  this  area,  due  to  contraction  of  the  stream  and 
friction  due  to  rubbing  and  turbulence  of  the  air.  The  quantity 
would  therefore  only  be  Q  ^  m  A  V,  in  which  ^u  is  a  coefficient  tak- 
ing these  resistances  into  consideration. 

If  this  volume  is  to  be  delivered,  additional  pressure  is  needed  to 
make  up  for  this  loss  in  delivery.  In  the  case  of  the  large  tuyeres, 
there  is  an  additional  factor  introduced,  due  to  the  contraction  of  the 
tuyere  orifices  themselves ;  i.  «.,  a  partial  closing  of  them  by  frozen 
matte.  This  reduces  the  effective  tuyere  area  constantly,  bringing 
about  an  increase  in  velocity.  This  increased  velocity  can  only  be 
imparted  by  an  expenditure  of  power.     An  increase  in  the  velocity 

V* 

head  ^  means  a  decrease  in  pressure.     If  the  blowing  engine  were 

to  continue  to  work  at  the  same  pressure  at  which  it  worked  before 
the  orifices  were  contracted  there  would  be  a  lessened  air  delivery. 
If  the  air  delivery  is  to  be  kept  constant,  the  engines  can  deliver  it 
only  at  an  increased  pressure.  With  a  further  contraction  of  the 
tuyere  area,  the  pressure  limit  of  the  engine  may  be  reached,  and, 
notwithstanding  a  high  working  pressure,  a  smaller  volume  of  air  be 
delivered. 

As  can  be  seen  from  the  above  formulae,  velocity  influences  fric- 
tional losses  more  than  any  other  factor,  since  friction  increases  as  the 
square  of  the  velocity,  and  only  directly  as  the  length  and  inversely  as 
the  diameter  of  the  pipe.     Thus  with  a  25  per  cent,  contraction  of  the 
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tuyere  area  frictional  losses  in  the  tuyere  pipes  of  the  Great  FaJls 
converter  would  be  8.4  per  cent.,  and  with  a  50  per  cent,  contraction, 
19.2  per  cent.  These  figures,  being  based  on  theoretical  velocities  and 
deliveries,  are  too  low,  but  are  near  enough  to  illustrate  how  an 
increase  in  velocity  affects  frictional  losses.  Losses  on  account  of  the 
roughness  and  shape  of  the  orifices  are  not  included  in  the  above 
figures.  These  figures  also  show  that  frictional  losses  need  not  be 
prohibitive,  notwithstanding  the  use  of  a  large  number  of  tuyeres, 
provided  such  tuyeres  are  kept  open  by  a  decreased  air  flow  through 
each  tuyere  and  a  moderate  air  velocity  is  maintained.  As  the  life  of 
the  tuyere  bottom  in  a  copper  converter  will  be  longer  than  that  in  a 
steel  converter,  where  the  conditions  are  extremely  severe  with  tem- 
peratures up  to  1,600°  C,  the  tuyeres  would  be  provided,  as  is  done 
now,  with  smooth  pipes,  to  keep  frictional  losses  down. 

In  the  foregoing  I  have  discussed  only  the  influence  of  pipe  surface 
on  the  resistance  to  the  flow  of  air.  But  in  converting  we  should  also 
discuss  the  influence  of  the  size  of  tuyeres  on  the  probability  of  the 
liquid  matte  "  breaking  through  "  the  pneumatic  column,  or  "  piston," 
in  the  tuyere  pipes  and  filling  them.  It  may  be  stated  axiomaticallv 
that  the  larger  the  diameter  of  the  supporting  air  column,  the  greater 
is  the  danger  of  the  matte  flowing  into  the  tuyeres,  so  that  to  prevent 
such  fiUing  of  the  tuyeres  a  higher  air  pressure  is  necessary  with 
large  tuyeres  than  with  smaller  ones.  This  very  tendency  of  the 
matte  to  flood  large  tuyeres  will  cause  the  operator  to  carry  a  safe 
margin  of  excess  pressure  to  prevent  this  possibility. 

With  large  tuyeres  there  exists  always  the  danger  of  the  charge 
being  thrown  out  of  the  converter.  This  was  amply  demonstrated  in 
steel  converter  practice  before  small  tuyeres  evenly  divided  over  the 
bottom  were  used.  Messrs.  Wheeler  and  Krejci  testify  to  that  condi- 
tion in  the  Great  Falls  converter  in  different  portions  of  their  paper. 
Even  without  the  bodily  throwing  out  of  the  charge,  the  converter 
mouth  is  more  easily  fouled  and  the  mechanical  losses  are  greater,  as 
the  amount  of  shot  matte  thrown  against  the  top  of  the  converter  and 
out  of  it  is  greater  than  it  would  be  in  a  converter  with  shallow  bath 
and  into  which  the  air  is  introduced  in  small  individual  jets  over  a 
large  surface.  The  action  is  not  so  violent,  as  there  is  no  concentra- 
tion of  a  large  volume  of  gas  to  a  restricted  area. 

An  increased  blast  pressure  is  also  required  in  the  vertical  side- 
blown  converter  with  a  change  in  its  position  from  the  vertical.  If  it 
is  tilted  up,  the  tuyeres  furthest  away  from  the  axis  around  which  the 
converter  is  tilted  will  blow  on  a  shallower  matte  column  than  those 
nearer  that  axis,  and  if  turned  down,  the  reverse  will  be  the  case. 
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With  the  different  resistances  offered  to  the  air  at  each  tuyere  orifice, 
the  air  flow  will  be  concentrated  through  the  tuyeres  with  least  resist- 
ance, and  the  lack  of  a  sufficient  idr  flow  through  the  lower  and 
lowest  tuyeres  will  cause  these  to  be  filled  with  matte,  unless  the  blast 
pressure  is  increased.  This  condition  has  always  demanded  a  higher 
air  pressure  for  the  vertical  side-blown  converter  than  for  the  cylin- 
drical, in  which  latter  all  the  tuyere  orifices  lie  in  a  plane  through 
the  axis  around  which  the  cylinder  revolves ;  no  matter  in  what  posi- 
tion it  is,  the  hydrostatic  pressure  (though  this  may  vary  in  magni- 
tude) is  equal  at  every  tuyere.  It  is,  of  course,  well  known  that  it 
was  the  lower  blast  pressure  required  by  the  cylindrical  acid-lined 
copper  converter  that  led  to  its  wide  adoption,  after  the  Copper  Queen 
Consolidated  Mining  Co.  installed  the  "  Leghorn "  type  of  shells  at 
Biflbee,  although  the  first  Manhes-David  converters  installed  at  the 
Parrot  works,  and  generally  referred  to  as  the  "  Parrot "  converters, 
marked  the  introduction  of  the  Bessemer  process  applied  to  mattes  in 
America.  The  vertical  shell  is  being  adopted  of  late,  because  it 
lends  itself  better  structurally  than  the  cylindrical  shell  to  securing 
the  magnesite  lining,  and  to  absorbing  the  internal  strains.  These 
features,  in  view  of  the  high  first  cost  of  the  magnesite  lining,  out- 
weigh the  disadvantages  due  to  any  increase  in  air  pressure  required. 

In  the  bottom-blown  type  I  propose,  the  converter  would  remain 
in  a  vertical  position,  blowing  on  a  uniform  height  of  matte  bath.  In 
Thomas  converters  the  "  needle  bottom  "  comprises  the  entire  con- 
verter bottom.  This  obliges  the  operator  to  carry  from  600  to  700 
mm.  of  pig  iron  charge  to  blow  on  a  large  charge  (from  20  to  25  tons). 
This  represents  a  static  pressure  of  from  0.06  x  7  =  0.42  kg-cm.*  to 
0.07  X  7  =  0.49  kg-cm.'  (6  to  7  lb.  per  square  inch)  due  to  the  liquid 
iron  alone,  figuring  the  weight  of  molten  pig  iron  at  7,  and  requires 
a  blast  pressure  of  from  20  to  30  lb.  per  square  inch. 

In  my  design  this  needle  bottom  is  confined  only  to  a  portion  of  a 
converter  bottom  of  large  diameter.  I  would  use  the  same  size,  or 
even  a  larger  size,  needle  bottom  than  is  customary  now  for  the 
Thomas  converters,  but  by  having  a  total  bottom  area  at  least  four 
times  larger  I  can  hold  the  same  tonnage  with  a  static  column  only 
one-quarter  as  high,  or  a  larger  tonnage  with  only  a  slight  increase  in 
the  height  of  the  liquid.  With  the  tuyere  block  elevated,  although 
this  is  not  at  all  essential,  the  matte  volume  that  can  be  stored  is  in- 
creased, and  yet  a  shallow  matte  bath  maintained  above  the  tuyere 
orifices.  This  makes  it  possible  to  work  with  low  air  pressures.  Due 
to  the  circulation  set  up,  the  speed  of  converting  will  be  accelerated. 
It  is  for  this  reason  that  I  advocate  the  widest  possible  distribution  of 
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the  air,  bo  that  it  can  be  used  efficiently  on  a  shallow  charge.  For 
this  work,  turbo-blowers  direct  connected  to  electric  motors  or  steam 
turbines  are  particularly  well  adapted,  as  they  admit  of  wide  regula- 
tion with  variations  in  the  pressure  as  well  as  air  volume,  for  which 
reasons  they  have  found  extensive  application  in  European  Thomas 
steel  works  as  well  as  for  blast  furnaces.  For  the  latter,  on  account 
of  the  higher  fuel  economy  of  the  gas  engines  burning  blast>famace 
gas,  the  gas-engine-driven  blowing  engine  is  still  preferred,  whereas 
for  converter  service  the  turbo-blower  is  preferred  on  account  of  its 
better  and  wider  range  of  regulation.  This  practice  is  beginning  to 
be  more  extensively  adopted  in  America.  I  understand  tiiat  turbo- 
blowers are  used  at  the  Great  Palls  Reduction  Works  for  converter 
service.  The  use  of  30,000  cu.  ft  of  air  per  minute  for  a  converter 
of  the  size  here  discussed  should  not  be  considered  an  unusual  per- 
formance in  view  of  present-day  Thomas  converter  practice,  provided 
the  air  is  distributed  in  the  manner  indicated. 

Tuyere  Area. 

While  a  large  aggregate  tuyere  area  is  desirable,  there  must  be  a 
fixed  relationship  between  the  largest  area  that  is  permissible  and  the 
air  supply  to  the  converter  per  minute.  If  this  area  is  exceeded,  then 
the  air  supply  will  be  insufficient  to  keep  up  the  required  pr^sure; 
L  e.,  it  is  used  faster  than  it  is  supplied  and  the  tuyeres  will  be  filled 
with  matte.  This  condition  is  very  much  that  of  an  air  receiver  from 
which  air  is  drawn  in  greater  amount  than  it  is  supplied  by  the  com- 
pressor. 

The  following  formul»  are  commonly  used  to  calculate  the  weight 
of  air  delivered  through  iron  blast  furnace  and  converter  tuyeres, 
and  the  tuyere  diameter,  and  are  also  applicable  to  the  copper  con- 
verter :  ^® 

^_  13.6  X  60  fW  mF   l(b  +  h;)ThT^Tg 

10  000  N  R  N       273  + 1 

=  0.06664   ^¥    |Tb>  K)  (K  —  K) 

S         273  +  t 

In  which  W  =  the  weight  of  air  in  kilograms  per  minute  delivered 

through  the  tuyeres, 
b  ^  the  barometric  pressure  in  millimeters  of  mercury, 
hj  =  manometer  (gauge)  pressure  in  millimeters  of  mercury  in  the 

wind  box  at  the  tuyeres. 

>•  Hutte,  19th  ed.,  vol.  ii.,  pp.  704  et  9eq,,  712. 
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h,  =  the  opposing  pressure  inside  of  the  converter  in  millimeters  of 
mercury;  i.  e.y  hydrostatic  pressure  due  to  matte  column  ex- 
pressed in  millimeters  of  mercury. 

t  =:  the  temperature  of  the  air  in  degrees  0.  in  the  tuyeres  (this  can 
be  taken  at  100°  C,  so  that  T  =  378). 

F  =  the  area  of  all  tuyeres  in  square  centimeters. 

g=  the  acceleration  due  to  gravity  =  9.81  m-sec*  • 

ft  =  the  coefficient  of  efflux.  For  tuyeres  that  are  lined  with  smooth 
pipes,  this  can  be  taken  at  0.8 ;  for  tuyeres  in  the  lining,  0.75 
should  be  taken. 

R    is  Regnault's  constant  =  29.4  m-kg. 

For  matte  with  weight  of  4.5,  1  mm.  matte  column 

=  Ai  =  0.331  mm.  Hg. 
13.6 

For  "white  metal"  with  weight  of  5.5,  1  mm.  "w.  m."  column 

=  ^  =  0.4044  mm.  Hg. 
13.6 

i.  e.y  multiplying  matte  or  "white  metal "  columns  in  millimeters 
by  0.331  and  0.4044  respectively,  will  give  the  corresponding 
mercury  column  in  millimeters. 

To  figure  the  tuyere  diameter  necessary  for  a  given  working  pres- 
sure, the  following  formula  is  used  : 


7t_  ^,  ^  F^  ^ W  I         273  +  t 


-J 


4  n        0.06664  n  a*  ^  (b  +  h,)  (h^  —  hj 

in  which  d  is  the  tuyere  orifice  diameter,  and  n  the  number  of  tuyeres. 

Air  Efficimcy. 

In  addition  to  the  "  chemical "  air  efficiency,  i.  e.,  the  ratio  between 
oxygen  that  actually  combines  with  the  impurities  burned  off  and  the 
amount  of  oxygen  that  is  pressed  into  the  converter,  it  would  be  inter- 
esting to  know  what  may  be  termed  the  "  volumetric  "  air  efficiency 
of  the  Great  Falls  converter,  L  «.,  the  ratio  between  the  theoretical 
amount  required  to  oxidize  the  iron,  sulphur,  and  other  impurities  in 
the  matte  converted,  and  the  amount  of  air  actually  supplied  to  the 
converter  measured  by  engine  displacement.  While  the  air  that  is 
actually  pressed  into  the  converter  is  efficiently  used,  there  are  leak- 
age losses  between  the  engine  and  the  tuyeres,  chiefly  in  punching 
tuyeres,  as  the  volumetric  efficiency  of  the  blowing  engine  working 
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at  such  low  pressure  should  not  be  less  than  97  per  cent.  While  the 
air  requirements  vary  with  the  composition  of  mattes,  100,000  cu.  ft. 
of  air  (at  standard  conditions),  or  850  kg.  of  oxygen,  per  ton  of  copper, 
will  meet  the  requirements  of  most  mattes  treated  at  American  cop- 
per-smelting works.  Compared  with  this  we  have  air  consumptions 
ranging  from  126,000  to  260,000  cu.  ft  of  air  per  ton  of  copper,  or 
efficiencies  varying  between  80  and  88.5  per  cent,  both  with  acid- 
and  basic-lined  converters.  This  means  that  from  1.25  to  2.6  times 
the  theoretically  required  air  weight  is  supplied  to  copper  converters. 
The  first  is  excellent  practice,  the  latter  is  poor  work.  At  the  Ghirfield 
plant  of  the  American  Smelters  Securities  Co.,  using  Pierce-Smith 
converters,  this  air  efficiency  is  reported  to  be  around  77  to  80  per 
cent.,  which  18  very  efficient  practice. 

With  punching  done  away  with  in  copper  converting,  a  large  source 
of  loss  of  air  will  be  eliminated,  as  leaks  can  be  more  effectively  pre- 
vented with  a  tightly  closed  wind  box  without  tuyere  valves.  Leaks 
would  be  mainly  restricted  to  the  universal  air  connection,  which  it  is 
little  trouble  to  keep  tight  when  using  stationary  converter  shells. 
The  use  of  large  converters  minimizes  air  losses  greatly. 

Mechanical  and  Automatic  Punching  of  Tuyeres. 

I  have  previously  called  attention  to  the  introduction  of  concen- 
trates through  the  tuyeres.  As  these  contain  a  varying  amonnt  of 
silica,  slag  would  be  formed  at  the  very  tuyere  orifices,  and  under 
these  conditions  punching  and  the  use  of  larger  tuyeres  would  very 
likely  become  necessary.  To  do  this  punching  mechanically  and 
automatically,  I  have  designed  a  tuyere-punching  machine.  Fig.  6 
shows  its  salient  features. 

It  consists  of  a  plate  to  which  are  secured  vertical  tuyere-punching 
bars  extending  up  into  the  conically  enlarged  tuyere  pipes.  The 
disk,  or  plate,  with  the  punching  bars  is  actuated  by  piston  and  piston 
rod  working  in  an  air  cylinder  supplied  with  high-pressure  air  (90  to 
100  lb.  per  square  inch). 

All  tuyeres  are  punched  simultaneously  by  the  forward  (upward) 
movement  of  the  piston  and  disks,  the  upward  motion  being  reversed 
at  the  end  of  the  piston  stroke,  when  the  punching  bars  are  drawn 
back  into  a  position  of  temporary  rest. 

The  piston  speed  and  the  piston's  upward  and  reversing  (down- 
ward) motions  are  automatically  controlled  by  a  slide  valve,  operated 
mechanically  from  the  tail  rod.  The  time  interval  between  punchings 
of  tuyeres  is  controlled  by  an  adjustable  timing  device,  so  that  the 
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tuyeres  can  be  panched  at  regular  intervals,  say  every  5,  10,  or  15 
min.,  or  whatever  time  interval  is  foand  to  give  best  results. 

As  the  plate  with  punching  bars  is  located  inside  of  the  wind  box, 
all  tuyere  valves  and  their  leakages  will  be  eliminated.  The  mechan- 
ical punching  will  also  save  the  labor  now  used  in  punching  tuyeres. 

The  air  used  for  operating  the  piston,  instead  of  exhausting  into 
the  atmosphere,  preferably  exhausts  into  the  wind  box  at  21  to  27  lb. 
per  square  inch  absolute,  this  terminal  pressure  depending  on  the 
working  pressure  of  the  air  used  in  converting.  An  air  receiver 
would  have  to  be  interposed  between  the  converter  and  engine,  which 
would  act  as  a  buffer  when  the  tuyere  pipes  are  momentarily  partly 
closed  during  punching. 

To  exchange  the  punching  rods  quickly  and  to  open  the  wind  box 
and  tuyere  puncher  to  easy  and  quick  inspection,  the  cast-iron  plate, 
with  its  air  cylinder  attached,  would  be  hinged.  To  let  it  down 
gradually,  its  travel  would  be  controlled  by  a  small  air  cylinder  fast- 
ened to  the  converter  shell,  the  air  in  which  on  being  compressed 
acts  as  an  elastic  brake.  To  lift  the  plat«  back  on  to  the  hinged 
bolts  the  same  cylinder  would  be  used,  its  piston  being  forced  back 
by  compressed  air. 

The  tuyere  pipes  would  have  bushings  of  chilled  iron  or  manganese 
steel  to  prevent  too  rapid  wear. 

If  concentrates  are  to  be  blown  into  the  converter  and  the  convert- 
ing speed  is  not  to  be  seriously  retarded  the  air  requirements  have  to 
be  greatly  increased.  This  is  evident  from  figuring  the  oxygen  re- 
quirements of  the  concentrate  itself.  A  concentrate  with  Cu,  18 ; 
SiO,,  25;  Fe,  26;  AljOj,  5;  and  8,  80  per  cent,  would  require,  theo- 
retically, 37.5  kg.  of  oxygen  for  every  100  kg.  of  concentrate,  or 
163  kg.  of  air,  which  is  about  130  cu.  m.,  or  4,600  cu.  ft.  If  we  were 
to  treat  100  kg.  of  concentrate  per  minute,  at  least  this  amount  of  air 
would  have  to  be  supplied  in  addition  to  what  is  needed  for  convert- 
ing the  matte. 

When  treating  a  low-grade  matte,  very  siliceous  copper  concen- 
trates high  in  copper  are  very  desirable,  as  these  will  displace  sili- 
ceous ore  usually  fed  through  the  converter  mouth,  and  at  the  same 
time  enrich  the  matte.  Such  a  concentrate  is  that  produced  by  the 
Miami  Copper  Co.,  and  which  was  treated  in  this  manner  by  the 
Cananea  Consolidated  Copper  Co. 

In  view  of  the  great  future  this  practice  has,  large  converters  that 
can  utilize  efficiently  and  at  moderate  air  pressure  very  large  volumes 
of  air  will  undoubtedly  find  increasing  application  in  copper-smelting 
works. 
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Tuyere  Bottom. 

In  Fig.  6  this  bottom  is  made  up  of  segments  and  held  in  place  by  a 
series  of  inverted  arches.  These  arches  will  be  tightened  by  the 
hydrostatic  pressure  of  the  matte,  "white  metal,"  or  blister-copper; 
this  pressure  will  correspond  to  that  exerted  by  a  column  of  liquid  of 
the  same  height  as  the  height  of  these  arches.  This  pressure  is  about 
4  lb.  per  square  inch  for  matte  and  a  total  of  about  1,700  lb.  per  arch. 
It  may  increase  to  nearly  7  lb.  per  square  inch  and  3,000  lb.  per  arch 
with  blister  copper.  A  better  method  of  constructing  the  tuyere 
bottoms  is  that  used  by  Thomas  steel  works,  and  as  they  have  had  34 
years'  experience  in  the  use  of  basic  linings,  their  practice  can  be  fol- 
lowed with  profit.  These  bottoms  are  preferably  made  as  a  monolith 
and  pressed  into  place  with  a  hydraulic  ram.  A  number  of  these  are 
kept  on  hand,  and  the  converter  is  so  designed  that  they  can  be 
inserted  and  removed  through  the  wind  box.  The  distribution  of  so 
large  a  volume  of  air  through  this  bottom,  coupled  with  the  low  tem- 
perature at  which  a  copper  converter  is  blown,  should  not  be  without 
beneficial  influence  on  the  life  of  the  bottom,  as  it  should  be  cooled 
sufficiently  to  prevent  too  rapid  erosion.  After  all,  it  is  the  magnesite 
consumption  and  cost  per  ton  of  copper  that  counts,  and  if  by  increas- 
ing the  speed  of  converting  the  life  of  the  lining  should  be  decreased, 
consumption  per  ton  of  copper  does  not  necessarily  have  to  increase. 
In  Thomas  converters  they  treat  tonnages  with  a  converting  speed 
that  has  as  yet  not  been  equaled  in  any  .copper-converting  plant,  and 
while  their  magnesite  bottoms  go  faster,  the  consumption  of  mag- 
nesite  per  ton  of  steel  is  not  greater  than  that  per  ton  of  copper  in 
copper  converters.  It  should  be  borne  in  mind  that  the  work  is  very 
much  more  severe,  with  temperatures  of  1,600°  C.  toward  the  end  of 
the  blow.  This  matter  of  constructing  the  tuyere  bottoms  I  shall 
discuss  more  fully  in  my  paper  referred  to  above. 

The  building  of  so  large  a  converter  and  the  great  increase  in  con- 
verting speed  made  possible  thereby  is  undoubtedly  one  of  the  most 
important  recent  advances  in  copper  metallurgy,  and  a  great  deal  of 
credit  is  due  Messrs.  Wheeler  and  Krejci  for  their  achievement 

With  this  large  converter  making  possible  the  use  of  large  air 
volume  at  low  pressure  they  are  nearer  the  realization  of  John  HoU- 
way's  ambition  to  smelt  pyrite  ores  in  the  "  converter  "  without  the 
use  of  fuel  save  that  furnished  by  the  pyrite. 

Redick  R.  Moore,  Mexico  City,  Mexico  (communication  to  the 
Secretary  *) : — Messrs.  Wheeler  and  Krejci  have  given  an  extremely 

*  Beceived  Sept.  18,  1913. 
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valuable  history  of  the  development  of  converter  practice  at  Great 
Falls,  Mont.,  and  a  risunU  of  the  experiments  which  have  led  up  to 
their  present  practice,  which  may  be  characterized  as  large  upright 
converter  vessels  with  basic  lining  and  large  tuyere  area — ^the  latter 
obtained  by  greatly  increasing  the  diameter  of  the  tuyeres  as  well  as 
their  number.  They,  however,  do  not  give  any  data  as  to  matte  and 
slag  analyses,  blast  pressure,  utilization  of  blast  volume  (piston  dis- 
placement), interior  area  of  the  tuyeres  after  protracted  use,  nor  fre- 
quency of  punching  and  size  of  punch  bars  used. 

It  seems  to  me  that  the  addition  of  these  figures  would  complete 
and  enhance  the  value  of  their  paper. 

There  must  be  sufficient  blast  pressure  to  overcome  the  static  head 
of  the  column  of  matte  and  slag  in  the  converter  vessel  and  the  fric- 
tion head  in  tuyeres  and  pipes,  together  with  an  excess  as  a  safety 
factor. 

Excessive  blast  pressure  results  in  a  loss  of  both  power  and  air  effi- 
ciency (the  latter  on  account  of  excessive  leakages),  and  also,  with 
tamped  linings,  in  irregular  wear. 

At  Aguascalientes,  in  1904,  experiments  were  made  to  determine 
the  effect  of  enlarging  the  tuyere  area,  with  a  view  to  the  reduction 
of  power  costs,  and  to  determine  the  height  of  matte  column  above 
the  level  of  the  tuyeres  necessary  to  secure  the  utilization  of  the 
oxygen  of  the  blast. 

The  results  of  these  experiments  were  presented  to  the  Institute  in 
a  paper  written  in  1907,  but  not  published.  Briefly,  the  enlargement 
of  the  tuyeres  to  1.25  in.  in  diameter,  from  about  0.75  in.,  resulted  in 
a  reduction  of  the  blast  pressure  from  about  18  lb.  to  about  12  lb., 
and  an  increase  in  production  of  about  20  per  cent,  maintaining  the 
same  engine  speed.  At  the  same  time  the  life  of  the  acid  lining  was 
increased  greatly  on  account  of  more  even  wear  and  the  absence  of 
float  silica. 

Tuyeres  1.5  in.  in  diameter  proved  unsuccessful,  as  they  weakened 
the  lining  too  much  and  the  end  ones  filled  up  in  turning  up  to  blow. 

To  secure  the  benefits  of  the  enlarged  tuyeres  it  was  necessary  to 
punch  them  frequently  with  a  bar  nearly  the  size  of  their  diameter. 
The  bar  used  was  0.75  in.  in  diameter  with  a  head  about  1|  in.  in 
diameter. 

The  Aguascalientes  converters  were  8  ft.  in  diameter  by  16  ft.  up- 
right, acid  lined,  and  when  newly  lined  were  3  ft.  in  diameter  at  the 
tuyeres. 

The  utilization  of  the  oxygen  of  the  blast  (engine  displacement) 
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varied  from  67  to  88  per  cent,  with  an  average  of  .six  tests  of  about 
75  per  cent. 

The  delivery  of  air  by  the  engine,  as  calculated  from  "  cards"  of 
the  air  end  by  the  Master  Mechanic,  was  98  per  cent  of  the  displace- 
ment 

It  was  calculated  from  the  results  of  measurements  and  weights 
that  with  6  in.  of  matte  above  the  tuyeres  the  utilization  of  the 
oxygen  of  the  blast  was  practically  complete  in  these  converters  with 
an  engine  displacement  of  5,600  cu.  ft.  per  minute ;  barometer,  23.6 
in. ;  temperature,  88°  C. 

The  reduction  of  blast  pressure  was  not  in  proportion  to  the  in- 
crease in  nominal  tuyere  area,  even  when  punching  with  l|-in.  headed 
rods,  because  of  the  formation  of  crusts  in  the  tuyeres  near  their 
mouths  and  the  formation  of  "  noses,"  but  the  results  were  very 
gratifying. 

The  analyses  given  by  Wheeler  and  Krejci  (pp.  1874  to  1876)  do 
not  seem  to  conform  to  the  theoretical.  The  table  shows  the  ordi- 
nary converter  reactions,  together  with  the  gases  resulting  if  the 
oxygen  of  the  blast  is  completely  utilized  for  combustion. 

The  predominating  reactions  in  the  first  or  slagging  period  of  con- 
verting copper-mattes  are  II  and  III  of  the  accompanying  Table  I, 
while  the  subsidiary  reactions  I,  IV,  V,  VI,  VII,  X,  XIII,  and  XV  to 
XXI,  are  going  on  simultaneously. 

As  the  formation  of  ¥efi^i  as  shown  by  the  products,  is  in  excess 
of  the  reaction  IV,  the  average  gases  for  the  period  should  contain 
more  than  18.04  per  cent,  of  SO,  by  volume  and  less  than  13.90  per 
cent.  In  the  second  period  of  converting  (white  metal  to  copper)  the 
predominating  reactions  are  VIII  and  IX,  while  the  subsidiary  re- 
actions XI,  XII,  XIV,  XVI,  and  XVIII  are  going  on  simultaneously. 
As  the  formation  of  CUgO,  as  shown  by  the  products,  is  in  excess  of 
the  reaction  XI,  the  average  gases  for  the  period  should  contain  less 
than  20.8  per  cent,  of  SO,  and  more  than  19  per  cent. 

Throughout  the  operation  the  gases  should  contain  free  volatilized 
sulphur,  PbS,  ZnS,  and  AsS,  as  shown  by  the  equations  I,  XVI,  XVH, 
XVIII,  and  XIX. 

With  volumes  of  from  5,000  to  12,000  cu.  ft.  of  air  per  minute 
(engine  displacement),  I  have  determined  qualitatively  the  presence 
of  these  compounds  in  the  converter  gases.  This  is  evidence  that 
there  was  a  complete  utilization  of  the  oxygen  of  the  blast. 

I  have  previously  explained  my  reasons  for  believing  that  there  is 
no  SOj  in  converter  gases." 

"  Engineering  and  Mining  Jownal^  vol.  zc,  No.  6,  p.  264  (Aug.  6,  1910). 
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A  great  many  of  the  analyses  given  show  wide  differences  from  the 
theoretical  and  we  are  forced  to  the  conclusion  that  either  the  theory 
is  wrong  or  the  analyses  are  wrong. 

Not  having  any  slag  analyses,  it  is  impossible  to  calculate  any  value 
for  the  CO,  in  the  gases  from  the  decomposition  of  carbonates,  but 
from  the  slag  analyses  of  a  previous  period,  showing  only  0.7  per  cent, 
of  CaO,  in  the  slag,  it  would  seem  that  the  CO,  in  the  gases  would  be 
a  negligible  quantity. 

The  COj  from  the  atmosphere  would  be  undeterminable  by  the 
ordinary  methods  of  gas  analysis. 

It  would  seem  to  be  very  desirable  to  rigorously  verify  the  analyses 
or  determine  the  sources  of  error. 


Table  I. — Converter  Reactions. 


L 

IL 

IIL 

IV. 

V. 

VL 

VI  [. 

YIIL 

IX. 

X. 

XL 

XII. 

XIIL 

XIV. 

XV. 

XVI. 

XVIL 

XVIIL 

XLX. 

XX. 

XXI. 

XXIL 


6  FeS  +  Heat 
FeA  +  Cu,8  +  0,5 
F^S,  +  Oh     ^ 
2  Fe804  +  Cn,S 
FesO^  +  FejS^ 
FexS.  +  Cu,  +  Ou 
SFeS  +  Cu, 
Cu-S  +  O, 
4  Ca^  +  O- 
Ca,0  4-  FeA  +  0^, 
2  Cu,0  +  OujS 
Cu,  +  0 
Fe  +  O 
Cn,8  -\-  H,0 
FeS  -f  H,0 

2  H,8  4-  80, 

3  Zn8  +  Oe 

2  PbS  -f  O, 

3  Fe^As  4- 10  FeS  +  O^a 
CaOO,  4-  Heat 

2  MO  4-  SiO, 
8  4-0, 


FeA  +  8 

6  FeO  4-  Cu,8  +  4  80,.. 
2  FeO  4-  FejO^  4-  4  80,. 
6  FeO  +  Cuj  -j-  80, 

4  FeO  4-  4  FeS 


6  FeO  +  Cu,8  4-  8  SO,.. 

FejS^  +  Cu,8 

Cu,  -fSO, 

Ca«  4-  Cu.0  +  4  SO, 

Cu,  4-  5  FeO  +  4  80,... 

Cu«4-S0, 

Cu,0 

FeO 


at 
> 


a 


8. 


Cu,0  4-  H,8 

Fe0  4-H,S 

2H,0  4-8, 

2  ZnO  +  ZnS  4-  2  SO, 

PbO  4-  PbS  +  SO, 

22  FeO  4-  A8,Oa  +  9  SO,  +  AfiS. 

CaO  -I-  CO, 

(MO),  SiO,  8lag 

SO, 


8. 
ZnS 
PbS 
AsS 


Oaa. 


60s. 

N. 

Per 
Cent 

Per 

Cent. 

13.90 

13.04 

100.00 

86.1 
86.9 

12.52 


20.8 

18.52 

14.90 

100.00 


14.90 


9.80 


20.80 


88.4 


79.2 
81.4 
85.1 


100.0 
100.0 


85.1 


90.2 


79.2 


Development  of  the   Basic- Lined  Converter  for  Copper  Mattes. 

Discuwion  of  the  paper  of  £.  P.  Mathewson,  presented  at  the  Batte  Meeting,  Aagnat,  1913^ 
and  printed  in  Btdletin  No.  78,  June,  1913,  pp.  1033  to  1037. 

Prof.  Joseph  W.  Richards,  South  Bethlehem,  Pa. : — Speaking  to 
the  qaestioQ  of  the  development  of  the  hasic  lining,  and  speaking 
from  a  somewhat  considerable  study  of  the  history  of  the  process,  I 
think  Mr.  Mathewson's  conclusion  (in  the  last  paragraph  of  bis 
paper)  is  perfectly  justified  and  is  very  fairly  stated.  Messrs.  Smith 
and  Pierce  worked  at  developing  their  process  for  many  years ;  cop- 
per men  had  been  trying  their  level  best  to  get  away  from  the  silica 
lining  of  the  converters  and  had  uniformly  failed.  On  one  page  of 
Mr.  Mathewson's  paper  we  read  that  at  the  old  works  of  the  Ana- 
conda Company,  at  Anaconda,  the  experiments  "  were  abandoned  on 
the  score  of  cost  and  lack  of  advantages."  On  the  next  page,  after 
describing  the  work  of  Messrs.  Smith  and  Pierce,  we  have  the  state- 
ment that  the  Anaconda  Company  lined  a  shell  with  mangnesite 
brick  and  "  the  results  were  excellent."  I  think  Mr.  Mathewson's 
statement  that  to  Smith  and  Pierce  belongs  the  credit  of  developing 
a  long-discredited  idea,  is  correct. 

C.  D.  Dbmond,  Anaconda,  Mont : — ^It  seems  to  me  that  the  matter 
of  the  lining  is  important ;  my  impression  is  that  they  used  tar  in 
their  basic  lining  and  that  did  not  seem  to  be  at  all  successful  at 
Anaconda,  but  silicate  of  soda  was  very  successful. 

Mr.  Richards  : — I  did  not  know  that  they  had  abandoned  the  use 
of  tar. 

Mr.  Dbmond  : — ^I  said  I  thought  that  was  the  practice.  At  Ana- 
conda that  was  not  at  all  satisfactory  in  the  basic  linings.  Silicate  of 
soda  was  very  satisfactory  and  is  so. 

Hermann  A.  Kbllbr,  New  York,  N.  Y.  (communication  to  the 
Secretary  *) : — ^I  have  read  Mr.  Mathewson's  paper  on  basic-lined  con- 
verters with  much  interest.  My  experiments  at  the  Parrot  Works  of 
Butte,  which  Mr.  Mathewson  refers  to,  I  believe,  were  made  in  1892, 
and  were  published  by  me  in  Dr.  Peters's  Modem  Copper  Smelting} 

The  magnesite   bricks  then   used  were  directly  imported  from 

*  Received  Aug.  7,  1913. 
^  1893  edition,  pp.  570,  571. 
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Greece  and  natarallj  were  very  costly,  and  slow  to  obtain.  I  discon- 
tinaed  the  practice  at  the  time,  because  I  considered  oar  converter 
shells  too  small  to  hold  sufficient  amounts  of  heat  without  the  aid  of 
additional  heating  produced  in  slagging  off  the  iron  in  the  matte  by 
the  silica  in  the  lining,  thereby  increasing  the  capacity  of  the  con- 
verter with  each  additional  charge  until  the  lining  had  become  so 
thin  as  to  endanger  the  shell.  The  initial  charges  usually  produced 
from  three  to  five  bars  of  blister  copper,  weighing  about  110  lb.  each, 
while  it  occurred  frequently  that  the  final  charges  of  a  well-made 
lining  produced  from  15  to  20  such  bars.  In  order  to  increase  our 
heat  units  still  further  we  frequently  resorted  to  the  practice  of 
throwing  into  the  molten  charge  additional  green  matte  and  scraps, 
just  prior  to  the  final  blow. 

The  size  of  the  tuyeres  may  have  considerable  importance  with 
basic-lined  converters,  as  Mr.  Mathewson  points  out,  but  I  cannot 
speak  from  experience  as  to  this  point. 

1891  and  1892  were  years  of  considerable  metallurgical  improve- 
ment at  Butte.  Not  alone  did  we  modernize  the  converter  practice 
during  this  period,  but  mechanical  roasters  of  greatly  increased 
capacity  were  also  devised,  besides  constructing  much  larger  rever- 
beratory  furnaces  and  installing  coarse  Harz  jigs  (known  as  bull  jigs), 
with  the  double  object  of  reducing  concentration  losses  and  to  pro- 
duce more  material  suitable  for  blast-furnace  use. 

Prior  to  the  time  of  the  above  experiments  the  Parrot  Works  were 
about  the  only  plant  in  this  country  that  was  converting  copper  upon 
a  large  scale.  This  was  done  under  the  original  Manh^s  patents, 
which  consisted  principally  in  raising  the  tuyeres  some  distance  above 
the  bottom  of  the  shells,  differing  thereby  in  construction  from  those 
used  in  the  metallurgy  of  iron,  which  latter  were  also  much  larger. 
The  Anaconda  Works  at  that  time  Bessemerized  on  a  more  limited 
scale  and  in  different  shaped  converters,  partly  because  they  thought 
a  more  square  shaped  vessel  would  have  greater  advantage,  and  partly 
perhaps  to  circumvent,  if  possible,  Manh^s's  patents  under  which  the 
Parrot  Company  was  operating.  Cylindrical  converters  of  much  larger 
size  were  installed  at  Great  Falls  subsequently,  and  the  barrel  or 
Leghorn  type  of  converters  was  introduced  still  later  in  this  country. 
I  might  add  here  that  some  of  the  most  recent  installations  have 
returned  to  cylindrical  shells  of  the  original  Parrot  type,  only  much 
larger. 

From  my  experience  I  should  consider  that  almost  any  kind  of 
converter  shell  that  is  suitable  for  acid  lining  can  readily  be  adapted 
to  basic  lining,  provided  it  is  sufficiently  large  to  carry  its  own  heat 
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throughout  the  process.  In  fact,  my  belief  is  that  the  recent  suc- 
cesses with  basic  converter  linings  are  the  direct  outcome  of  the  larger 
vessels,  which  are  necessitated  by  the  newer  plants  to  handle  larger 
quantities. 

E.  H.  Hamilton,  West  Norfolk,  Va.  (communication  to  the  Secre- 
tary *) : — ^In  regard  to  Bessemerizing  leady  copper  mattes :  August 
Raht  built  a  basic-lined  converter  at  the  Philadelphia  Smelter,  Pueblo, 
Colo.,  about  1895,  and  figured  on  catching  fume  in  a  long  flue.  I 
was  present  one  day  when  the  "  pour  "  did  not  appear  on  the  con- 
verter being  turned  over. 

In  1900  Mr.  Knox,  at  Ely,  Vt,  in  attempting  to  operate  a  Garretr 
son  furnace  (to  make  copper  in  the  crucible  of  the  blast  furnace)  lined 
the  crucible  with  magnesite  brick  and  predicted  that  magnesite  would 
be  the  solution  of  the  question. 

A  good  deal  has  been  written  recently  about  detachable  hoods  to 
eliminate  accretion  and  also  about  flames.  If  a  basic-lined  converter 
plant  is  designed  properly  there  will  be  no  hood  accretions,  and  if 
run  to  best  advantage  there  will  be  practically  no  flame  visible. 

The  quickest  blown  charges  in  acid-lined  converters  of  which  I 
have  records  might  be  said  to  be  blown  in  the  dark.  Of  course  the 
fume,  etc.,  from  sulphur,  lead,  zinc,  etc.,  is  visible.  The  workmen 
object  to  this  method  as  they  want  to  see  "  something  doing.*' 

I  would  like  to  ask  Mr.  Mathewson  what  is  the  analysis  of  gases 
from  the  basic-lined  converter,  as  it  affords  an  opportunity  to  obtain 
a  long  steady  run  under  more  uniform  conditions  than  formerly  in 
the  acid-lined  converters.  Some  years  ago  we  found  the  oxygen  con- 
tent of  the  gas  from  matte  in  acid-lined  converters  to  be  as  follows: 

Percent, 

First  half  of  the  first  blow 0.1 

Second  half  of  the  first  blow 1.0 

First  half  of  the  second  blow 9.0 

Second  half  of  the  second  blow 17.0 

It  would  be  interesting  to  know  the  percentage  of  nitrogen,  SO,, 
etc.,  from  a  basic-lined  converter  operated  under  present  methods. 

I  understand  from  the  paper  that  the  MgO  and  CaO  in  the  con- 
verter slag  cannot  be  controlled,  but  that  the  Fe  and  SiO,  can  be  con- 
trolled within  certain  limits.  Can  the  gases  be  controlled  ?  Varying 
the  iron  in  the  slag  no  doubt  will  affect  the  gas  to  some  extent 

To  what  extent  can  converter  gases  from  basic-lined  converters 
be  made  available  for  the  manufacture  of  sulphuric  acid  ? 

*  Received  August  8,  1913. 
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L.  0.  Howard,  Globe,  Ariz,  (communication  to  the  Secretary  *) : — 
When  we  started  running  our  12-ft.  converter  we  had  a  great  deal  to 
learn  and  the  shell  got  some  hard  usage.  The  tendency  at  first  was 
to  use  large  charges  which  raised  the  back  pressure  and  plugged  the 
tuyeres.  Later  on,  due  to  the  men  carelessly  tilting  the  shell  too  far 
back  when  punching  out  tuyeres,  copper  ran  into  the  pipes  and  we 
lost  several  more.  Frequent  renewals  caused  the  brick  to  chip  off  in 
places  and  for  a  time  it  looked  as  if  the  wear  at  the  tuyere  line  would 
be  greatly  in  excess  of  any  other  part.  This,  however,  did  not  prove 
to  be  the  case  and  the  accompanying  diagram,  Fig.  1,  shows  a  good 
thickness  of  brick  along  this  section  when  they  had  given  out  at  other 
places.     Doubtless  the  cooling  action  of  the  air  helped. 

In  making  this  diagram  the  measurements  were  taken  by  turning 
the  converter  down  and  dropping  a  rod  through  the  tuyeres  until  the 
end  was  just  visible.  When  measurements  A  and  B  were  taken,  the 
covering  seemed  to  have  been  well  removed,  but  it  will  be  noticed 
that  considerable  remained  on  at  the  end  tuyeres.  This,  of  course, 
made  these  figures  worthless  as  a  gauge  for  the  wearing  brick.  Sub- 
sequently when  measurements  were  taken,  care  was  taken  to  remove 
all  the  coating  and  expose  the  naked  brick. 

Shortly  after  we  had  reached  the  2,000,000  mark  I  stumbled  across 
the  fact  that  it  was  possible  to  coat  the  brick  with  magnetic  iron 
oxide  and  thereby  build  up  a  protective  coating.  At  one  time  we 
had,  by  actual  measurement,  15  in.  of  this  covering  the  brick,  but  it 
so  lessened  the  capacity  of  the  shell  that  we  had  to  take  it  off  and 
put  on  a  thinner  one.  Our  great  difficulty  now  is  making  the  men 
keep  the  temperature  down,  as  a  short  run  with  a  high  heat  will 
clean  everything  off  and  expose  the  brick. 

We  have  found  it  quite  possible  to  keep  this  coating  in  place  for 
many  days  at  a  time,  during  which  period  no  sign  of  brick  could  be 
seen.  Once  with  our  first  shell  we  ran  for  six  weeks  without  a  brick 
showing.  Up  to  the  present,  however,  we  have  been  unable  to  keep 
a  coating  on  indefinitely,  as  the  men  sometimes  let  a  charge  get  very 
hot  and  melt  it  off.  "When  too  thick  at  the  tuyeres  it  makes  punch- 
ing more  difficult  and  for  this  reason  it  is  not  looked  upon  with  favor 
by  the  help. 

With  14,500,000  lb.  of  copper  to  the  first  patching,  we  should  get 
20,000,000  for  the  total  life  of  the  lining.  Two  places,  one  on  each 
side  of  the  converter,  and  a  place  4  ft.  long  above  the  tuyeres  showed 
greatest  wear  and  gave  out  simultaneously.  Later  inspection  showed 
that  the  lining  had  remained  in  place  until  less  than  2  in.  in  thickness. 

♦  Received  Aug.  15,  1913. 
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Meftsurements  taken  at  intervals  daring  life  of  lining  to  firat  patching.  Matte  tTe^ 
age  =  43.9  per  cent  of  copper. 

A.  After  making   4,000,000  lb.  of  copper. 

B.  After  making  6,000,000  lb.  of  copper. 
G.  After  making  6,000,000  lb.  of  copper. 
D.  After  making  10,000,000  lb.  of  copper. 
R  After  making  12,000,000  lb.  of  copper. 
F.     Aiter  making  14,501,962  lb.  of  copper. 

Brick  was  kept  coated  with  Fe,04.  Meaaurementa  Noa.  1  and  2  were  taken  with  thit 
coating  in  place.  For  all  aabeequent  meaaurementa  it  waa,  aa  f ar  aa  poanUe,  removed. 
Brick  finally  gave  oat  at  back  about  20  in.  above  tujerea  Shell  in  operation  iiom 
January  6  to  June  29,  1913. 

FiQ.  1.— Diagram  showino  Weab  on  Bbick  at  Totsbb  Lnoc  nr  a  IS-rr. 

Great  Fallb  Type  Basic  Cokvsrtxr. 
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The  shell  was  in  continuous  use  for  178  days  and  made  664  charges, 
averaging  slightly  less  than  11  tons  of  copper  per  charge.  No  trans- 
fere  were  made  to  it. 

Our  converting  equipment  consists  of  one  12-ft.  stand  (with  which 
we  endeavor  to  do  all  our  work)  and  two  10-ft.  6-in.  stands  to  be  used 
as  reserves.  For  the  latter  we  have  lined  two  of  the  old  shells  with 
magnesite  brick.  As  our  daily  copper  production  is  rather  irregular, 
we  sometimes  find  it  necessary  to  relieve  the  12-ft.  shell  by  blowing 
one  of  the  smaller  size.  This,  however,  is  only  done  when  the  pro- 
duction runs  over  50  tons  per  day  for  several  consecutive  days.*  The 
12-ft.  shell  gets  no  rest  between  charges  other  than  the  time  taken  to 
punch  out  tuyeres  and  pull  collars ;  perhaps  one-half  hour  per  charge. 
The  record  for  this  shell  is  66.4  tons  of  copper  in  24  hr.  with  a  52 
per  cent,  copper  matte,  and  60  tons  per  day  for  three  days  with  a 
47.7  per  cent,  matte.  For  a  period  of  three  months  we  averaged 
slightly  over  47  tons  of  copper  per  day.  Matte  averaged  48.8  per 
cent  Frequently  we  will  run  for  two  or  three  weeks  without  blow- 
ing the  small  shells.  From  this  it  will  be  seen  that  it  is  impossible 
to  favor  the  converter  either  by  transferring  or  by  allowing  it  to 
cool  between  blows. 

Bancroft  Gore,  Butte,  Mont,  (communication  to  the  Secretary  *) : 
— With  reference  to  the  small  basic-lined  converters  installed  at 
Gatico,  Chile,  February,  1912, 1  am  pleased  to  present  the  following 
details : 

These  were  of  the  barrel  type ;  dimensions  over  all,  58  in.  diameter 
by  84  in.  long ;  hand-tilted  by  means  of  pinion  and  rack  passing  half 
round  the  converter  at  its  center.  The  mouth  was  at  the  center,  ta- 
pering to  28  in.  in  diameter. 

For  tuyeres,  each  was  equipped  with  18  hydraulic  tubes,  1  in.  in- 
ternal diameter  by  J  in.  thick,  spaced  4  in.  center  to  center  and  pro- 
jecting 11  in.  into  converter.  From  the  length  over  all  we  must 
deduct  from  each  end  f  in.  for  the  thickness  of  the  steel  shell,  4J  in. 
for  one  layer  of  magnesite  arch  brick  cemented  fast  to  shell  by  a  thick 
mixture  of  sodium  silicate  and  finely  ground  dead-burnt  magnesite,  and 
6  in.  for  the  protective  coating  of  highly  refractory  basic  slag  formed 
ander  the  conditions  of  operation  and  containing :  CuO,  6.4 ;  FeO, 
78.5;  SiOj,  5.0;  CaO,  1.8;  Al^Og,  3.5  per  cent.  This  gave  a  space 
about  5  ft.  4  in.  long  for  the  movement  of  the  bath,  or  8  in.  between 
last  tuyere  and  slag  wall  at  each  end.  One  layer  of  No.  1  arch  brick 
was  used  throughout  except  for  the  region  12  in.  above  and  below 

*  Receiyed  Sept  17,  1913. 
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the  tuyere  zone,  which  had  two  layers  of  "  straights."  One  shell  was 
lined  with  two  layers,  making  9  in.  of  magnesite  throughout,  but  it 
was  found  to  have  too  small  a  capacity,  especially  after  the  growth  of 
the  protective  coating  mentioned  above.  This  coating  formed  also 
on  the  bed  of  the  converter  and  under  adverse  conditions  would  rise 
to  within  a  few  inches  of  the  tuyeres.  Blast  pressure  was  12  lb.  No 
provision  was  made  for  the  expansion  of  the  brick,  a  matter  of  little 
importance  in  this  size  of  converter. 

Ths  high  conductivity  of  these  brick  cemented  fast  to  the  shell  and 
the  large  area  of  this  shell  exposed  to  the  cooling  influence  of  the 
atmosphere,  considering  the  relatively  small  bath,  both  favored  the 
formation  of  this  slag  coating,  which,  when  operating  on  a  45  per 
cent,  copper  matte,  remained  at  a  uniform  thickness  of  about  6  in., 
thereby  preserving  indefinitely  the  life  of  the  bricks  except  at  the 
tuyere  zone,  where  they  were  renewed  about  twice  a  year. 

When  the  matte  contained  much  less  than  44  per  cent,  of  copper 
the  reaction  temperature  within  the  converter  increased  and  the  coat- 
ing would  gradually  disappear,  exposing  the  bricks,  and  at  this  stage 
their  life  was  only  a  few  days,  unless  the  grade  of  matte  could  be 
raised  to  near  50  per  cent.,  when  a  coating  would  rapidly  form.  After 
this  protective  coating  was  once  in  place  the  matte  could  be  lowered 
to  from  44  to  47  per  cent. 

Under  normal  conditions  the  converters  took  about  6,000  lb.  of 
matte  (in  two  charges),  yielding  more  or  less  2,500  lb.  of  copper  at 
each  pouring. 

Without  the  protective  influence  of  the  slag  coating  and  with  the 
bricks  plainly  exposed  to  view,  the  converter  took  as  high  as  22,000 
lb.  of  matte  (in  three  charges),  yielding  more  or  less  8,800  lb.  of 
copper  at  a  pouring.  The  speed  of  combustion  working  with  this 
large  bath  of  40  per  cent,  matte  increased  very  notably  the  tempera- 
ture of  the  converter.  Thus,  when  finishing  for  copper  no  punching 
was  needed,  as  any  noses  forming  were  melted  immediately.  As 
mentioned  above,  the  life  of  a  lining  under  these  conditions  was  only 
a  few  days. 

Perhaps,  if  we  had  reduced  the  diameter  of  the  tuyeres  to  |  or  || 
in.,  thereby  slowing  down  the  speed  of  combustion  and  restoring  the 
balance  between  heat  radiated  and  heat  formed  within  the  converter 
when  blowing  on  these  low  mattes,  the  same  slag  coating  mentioned 
above  would  have  formed  and  saved  the  bricks.  As  our  smelting  con- 
ditions at  Gatico  seldom  gave  low  mattes  owing  to  the  abundance  of 
oxidized  ores  on  the  charge,  we  did  not  try  to  perfect  a  small  con- 
verter that  could  handle  these  mattes. 
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As  these  magnesite  bricks  at  Gatico  cost  us  about  25  c.  U.  S.  each, 
and  served  only  as  a  backing  for  the  growth  of  the  basic  coating, 
which  after  the  first  blow  hid  them  permanently  from  view,  it  seemed 
possible  that  some  substitute  might  be  used,  and  in  this  connection  I 
thought  of  the  much  cheaper  "  bauxite  "  brick.  I  would  like  to  hear 
from  some  one  who  has  tried  them  in  furnace  work,  especially  at 
points  where  both  chrome  and  magnesia  have  failed  to  make  good. 

I  would  not  advise  the  construction  of  converters  smaller  than 
those  at  Gatico,  as  even  a  few  accidental  charges  of  matte  containing 
over  52  per  cent,  of  copper  would  form  such  a  thick  coating  of  slag 
at  the  ends  and  on  the  bed  that  several  tuyeres  would  be  lost  and  the 
capacity  reduced  to  the  point  where  low-grade  matte  could  not  come 
to  the  rescue  owing  to  the  lack  of  sufficient  mass  reaction. 

Ralph  Bagqalby,  Pittsburg,  Pa.  (communication  to  the  Secre- 
tary *) : — I  am  sorry  that  I  cannot  agree  with  Mr.  Mathewson  in  his 
conclusions.  I  cannot,  for  the  reason  that  I  personally  know  that 
these  conclusions  are  not  correct. 

The  basic-lined  converter  and  the  feeding  of  silica  (either  mineral- 
bearing  or  barren)  into  the  matte,  in  lieu  of  destroying  the  silica 
lining,  are  so  closely  linked  that  they  may  be  treated  as  twins. 

At  the  time  I  took  up  a  study  of  the  metallurgy  of  copper  (about 
1900),  all  of  the  authorities — Dr.  Hermann  Keller,  Dr.  Peters,  Dr. 
Douglas,  the  Amalgamated  experts,  the  Guggeheim  metallurgists, 
etc. — pronounced  the  dissolving  of  ores  in  matte  impossible.  Mr. 
Hixon  called  it  suicide.  Dr.  Keller  has  several  pages  of  explanations 
in  Dr.  Peters's  book  as  to  just  why  it  was  impossible. 

John  HoUway  tried  it  in  1878,  and  he  met  with  considerable  suc- 
cess. If  his  backers  (the  Matthewsons  of  Wales  and  London)  had 
provided  him  with  such  a  converter  as  he  then  described  (i, «.,  with 
the  tuyeres  elevated  on  the  sides  and  a  quiescent  pool  below,  in  which 
the  copper  could  accumulate  without  clogging  his  tuyeres),  he  would 
have  succeeded  beyond  any  doubt. 

Four  ^ears  later  (1882),  Pierre  Manh^s  made  a  converter,  as  fully 
described  by  John  HoUway  in  1878,  and  forsooth  called  it  "the 
Manh^  converter,"  and  obtained  patents  on  it  in  France,  England, 
the  United  States,  etc.  In  1882,  Manhes  attempted  to  feed  silica  into 
the  matte,  both  through  the  tuyeres  and  into  the  nose  of  the  con- 
verter. He  scored  a  complete  failure  in  both.  The  former  is  the 
present  J.  Parke  Channing  process,  with  which  Miami  concentrates 
are  now  treated. 

»  Reoeiyed  July  15,  1913. 
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The  sand-blast  action  is  injurious  to  the  tuyeres  and  the  values  are 
not  extracted  by  the  matte.  In  order  to  recover  these  values,  a  sub- 
sequent melt  of  the  slag  in  a  blast  f  urnace,  or  in  some  other  form  of 
furnace,  is  necessary.     "Why  then  repeat  Manh^s's  failure  ? 

I  invented  the  so-called  Knudsen  process  before  he  did  and  I  dis- 
carded it  because  of  its  defects  and  its  useless  expenses.  I  fully  de- 
scribed all  of  these  things  in  an  article  that  I  wrote  for  the  Anaconda 
Standard,  Aug.  18,  1905.  On  June  21,  1890,  Jared  E.  Gaylord  ap- 
plied for  a  patent  both  on  a  mineral-bearing  silica  lining  and  on  feed- 
ing ore  into  the  matte ;  in  the  latter  he  failed  completely. 

Dr.  Keller  then  attempted  the  same  thing  at  the  Parrot  smelter, 
Butte,  and  failed.  His  own  account  of  this  failure  is  given  in  Peters's 
Modem  Copper  Smelting  (1895  ed,),  p.  570  et  seq.  The  same  thing  was 
tried  at  Great  Falls  and  failed.  The  same  thing  was  tried  by  HixoQ 
at  the  old  Marcus  Daly  smelter,  Anaconda,  and  in  his  book  (p.  81) 
he  says :  ^^  The  silicious  lining  is  as  much  a  part  of  the  process  of 
copper  converting  as  magnesia  lining  is  in  the  basic  Bessemer  treat- 
ment of  phosphoric  iron,  and  it  is  suicidal  to  attempt  any  other  kind 
of  lining,  either  water-jacketed  or  basic.  The  improvement,  if  there 
is  to  be  any,  is  to  be  in  the  line  of  mechanical  devices,  and  the  use  of 
silicious  ores  to  replace  the  expensive  quartz  and  clay  linings." 

This  must  be  the  experiment  for  which  Mr.  Mathewson  gives  E.  A. 
C.  Smith  credit.  However,  it  is  not  important  just  who  conducted 
this  experiment.  The  result  was  a  total  failure  and  it  simply  con- 
firmed the  general  belief  that  this  new  art  was  impossible. 

This  was  the  "  state  of  the  art "  the  world  over  at  the  time  I  com- 
menced work  at  Butte.  There  were  absolutely  no  basic-lined  con- 
verters in  use  for  converting  copper  mattes  and  absolutely  no  one  was 
feeding  and  dissolving  ores  in  a  bath  of  matte.  Many  had  tried  it 
and  all  had  failed.  The  nearest  approach  to  it  was  the  use  of  a  min- 
eral-bearing lining,  at  Aguascalientes  and  as  patented  by  Gaylord  in 
1890.  A  lot  of  misleading  stuff  has  been  published  about  my  work 
while  at  Butte  and  since.    The  facts  are  : 

1.  The  apparatus  furnished  me  by  my  associates  was  small  and 
bought  solely  for  experiment ;  neither  furnace  nor  converters  were 
intended  to  make  copper  on  a  commercial  scale.  After  I  proved  that 
I  could  dissolve  ores  in  a  basic-lined  converter,  I  was  then  given  my 
"  Jumbo  converter,"  in  which  I  worked  up  every  pound  of  ore  I  had, 
without  regard  to  its  grade  or  silica  contents.  But  even  then  I  had 
no  furnace  that  was  much  bigger  than  a  bake-oven,  or  in  which  one 
could  afford  to  make  copper  commercially. 

2.  We  bought  up  a  lot  of  patents,  such  as  Allen's,  Potter's,  Gaylord's, 
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Garretson's,  etc.,  solely  to  get  them  out  of  the  way  of  patents  I  in- 
tended applying  for.  It  was  not  intended  by  me  to  use  any  of  them. 
I  well  knew  that  they  had  all  been  tried  and  had  failed.  Garretson 
was  a  very  hard  man  to  deal  with,  and  in  order  to  get  his  patents  out 
of  the  way  I  was  compelled  to  agree  to  test  his  process  to  a  finish. 
We  attempted  this  at  Ore  Knob,  with  Bellinger  in  charge,  but  we 
were  compelled  to  admit,  as  Garretson  claimed,  that  it  was  not  an 
actual  test.  We  then  let  Bellinger  make  another  test  at  Vancouver 
Island.  The  whole  plant  was  so  defective  that  they  had  neither 
steam  nor  air.  Garretson  still  demanded  his  '^  pound  of  flesh  as 
nominated  in  the  bond !  "  We  then  decided  that  I  should  comply 
with  the  terms  of  his  contract  by  conducting  these  tests  myself  at 
Butte.  With  this  object  in  view,  we  built  the  little  furnace  in  which 
I  later  (as  soon  as  I  had  any  ore)  made  five  series  of  tests  of  Garret- 
son's  process,  and  then  and  there  proved  that  it  was  inoperative  and 
that  it  would  freeze  the  furnace  solid  every  time  it  was  attempted. 
In  other  words,  the  blowing  of  a  converting  blast  into  85  per  cent,  of 
slag  (an  oxide)  had  a  greater  chilling  effect  than  the  heating  of  15 
per  cent,  of  matte  (a  sulphide)  could  overcome.  The  situation  was, 
of  course,  aggravated  by  his  column  of  ores,  etc.,  standing  in  the 
matte. 

Dr.  Herreshofi  and  I  had  discussed  these  things  and  he  later  said 
that  my  tests  had  simply  developed  and  made  clear  five  or  six  more 
defects  in  the  Garretson  process  than  either  of  us  had  been  able  to 
foresee. 

3.  My  troubles  at  Butte  were  due  to  the  fact  that  I  had  no  ore  to 
treat,  because  the  acid  water  and  a  lack  of  money  delayed  the  de- 
velopment of  the  ore. 

4.  As  soon  as  I  got  my  Jumbo  converter  and  a  blowing  engine 
that  would  work  without  breaking  down  every  day,  I  commenced 
making  excellent  blister  copper,  and  [  continued  this  for  8^  months, 
until  every  pound  of  ore  in  our  bins  or  that  I  could  buy  had  been 
worked  up.  I  did  this  work  too  with  one  single  basic  lining  (see 
Heywood's  report  in  Engineering  and  Mining  Journal^  Mar.  24,  1906). 

This  was  the  first  time  in  the  whole  history  of  the  metallurgy  of 
copper  that  mineral-bearing  ores  were  successfully  fed  into  the  matte, 
as  a  means  of  removing  the  iron  through  the  formation  of  silicate  of 
iron  slags  in  lieu  of  destroying  the  silica  lining.  It  also  included,  of 
course,  the  successful  use  of  a  permanent,  basic-lined  converter. 
When  our  workmen  announced  in  Butte  that  I  was  making  copper 
by  this  new  process  no  one  would  believe  it.  Fritz  Heinze  was  the 
first  to  investigate  and  he  was  also  the  first  to  use  my  new  pro- 
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cess.  Later  Mr.  Thayer  brought  Mr.  Mathewson  to  visit  me;  Mr. 
Mathewson  no  doubt  still  remembers  our  discussion.  Later  Mr. 
Mathewson  sent  his  assistant  to  our  Pittsmont  smelter,  who  spent 
parts  of  three  days  with  us  learning  all  of  the  details  of  this  new  art 

I  left  Butte  about  eight  years  ago  and  I  have  never  been  back 
there.  Shortly  after  my  return  to  Pittsburg  I  received  a  personal 
letter  from  Dr.  Hermann  Keller,  in  which  he  asked  me  to  meet  him 
at  the  Engineers'  Club  in  New  York  on  important  business.  I  did 
this,  and  he  took  me  to  the  offices  of  the  American  Smelting  k  Be- 
fining  Co.  I  was  introduced  to  Anton  Eilers.  He  at  once  sent  a 
messenger  for  August  Baht  and  two  other  experts,  whose  names  I 
did  not  learn.  They  may  have  been  Messrs.  Smith  and  Pierce,  al- 
though I  do  not  know  this  to  be  a  fact  At  all  events,  the  office  was 
cleared  of  all  save  these  five  experts  and  myself.  We  then  com- 
meuced  a  discussion  on  methods  of  treating  copper,  which  extended 
over  two  days.  They  all  disputed  the  correctness  of  my  theories.  I 
told  them  I  had  been  actually  practicing  this  new  art  for  8^  months 
and  that  I  had  only  used  one  single  basic  lining  in  all  of  that  time. 
They  then  asked  me  to  build  a  plant  at  one  of  their  smelters  and 
demonstrate  the  correctness  of  my  theories,  on  their  agreement  to 
adopt  this  new  process  at  16  of  their  smelters.  My  reply  wag  that 
unfortunately  my  old  patents  were  owned,  for  the  districts  where 
most  of  their  smelters  were  located,  by  the  Pittsburg  &  Montana 
Copper  Co.  They  took  down  the  name  and  address,  and  later  they 
bought  the  company's  rights  under  some  of  these  patents. 

Some  time  after  this  I  again  met  August  Raht;  this  time  as  the 
consulting  metallurgist  of  August  Heckscher.  He  told  me  that  none 
of  the  Guggenheim  experts  could  believe  that  I  could  dissolve  ores  or 
silica  in  a  matte  bath  in  a  basic-lined  converter;  However,  on  my 
positive  statement  that  I  had  been  practicing  this  new  art  for  8^ 
months  and  by  it  had  produced  more  than  $500,000  worth  of  copper, 
within  80  days  after  my  visit  they  commenced  a  series  of  tests  of  my 
theories  in  their  Baltimore  smelter,  and  I  am  told  these  tests  were 
made  by  Messrs.  Smith  and  Pierce,  who  were  employed  at  the  smelter 
in  Baltimore.  These  tests  proved  that  my  theories  were  correct  and 
the  Guggenheims  then  brought  out,  on  my  old  patents  as  a  basis, 
what  they  facetiously  called  the  "  Smith  and  Pierce  process."  This 
process  was  quickly  introduced  at  Baltimore,  Perth  Amboy,  Omaha, 
Salt  Lake,  etc.  I  can  prove  by  such  men  as  Arthur  8.  D wight,  Dr. 
J.  B.  F.  Herreshoff,  Robert  S.  Towne,  William  A.  Heywood,  and  many 
others,  that  I  alone  produced  this  revolutionary  change  in  the  metal- 
lurgy of  copper,  and  I  did  it  in  direct  opposition  to  the  recorded 
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opinions  of  all  the  authorities.  However,  public  acknowledgment  of 
the  facts  in  this  matter  has  been  published,  and  by  the  very  authori- 
ties who  for  years  had  pronounced  this  feat  impossible. 

In  Dr.  Peters's  Principles  of  Copper  Smelting^  p.  465,  he  says:  ''As 
Mr.  Baggaley  is  the  originator  of  the  method  and  Mr.  Heywood  is 
the  technical  manager,  their  views  regarding  the  process  might,  natu- 
rally, be  expected  to  be  less  impartial  than  those  of  an  outside  engi- 
neer; but  it  is  evident  that  they  are  doing  regularly  what  the  profession, 
in  general,  has  regarded  as  impracticable;  namely,  converting  a  very 
low  grade  matte  in  a  vessel  having  a  permanent  basic  lining,  and 
supplying  it  with  silica  from  outside  sources," 

In  the  light  of  all  the  foregoing  facts,  what  basis  of  truth  is  there 
for  the  statement  that  "  To  Smith  and  Pierce  belongs  the  credit  of 
taking  a  long-discarded  idea  and  developing  it  into  a  successful 
process  ?  " 

What  have  Smith  and  Pierce  invented  or  developed  ?  I  practiced 
the  art  with  perfect  success  for  8^  months,  using  a  single  lining, 
years  before  they  even  commenced  to  test  the  correctness  of  my  theo- 
ries and  which  theories  all  of  their  own  experts  disputed.  As  a  well- 
known  authority  has  stated  to  me,  all  of  Smith  and  Pierce's  patents 
for  "improvements"  on  my  process  are  really  "steps  backward." 
Their  design  and  construction  are  such  that  it  is  impossible  to  hold 
their  lining  or  tuyeres  in  place.  Their  practice,  I  am  told,  compels 
thera  to  reline  every  45  days,  never  over  60  days.  Their  attempt  to 
prolong  the  life  of  their  lining  by  their  patented  addition  of  15  per 
cent,  of  cold  ore  really  means  "  reduced  efficiency  !  " 

The  business  end  of  our  old  company  was  a  failure  from  the  start 
and  the  result  has  been  that  I  have  never  made  a  cent  out  of  any  of 
my  inventions  and  my  13  years  of  study  and  effort.  In  the  present 
paper,  even  the  credit  for  this  revolutionary  change  is  given  to  others. 
When  I  left  Butte,  my  contract  with  the  old  company  terminated, 
and  since  then  (for  eight  years)  I  have  been  studying  this  subject 
and  developing  improvements.  I  wish,  in  this  connection,  to  record 
my  opinion  that  there  is  really  no  good  converter,  built  on  scientific 
principles,  in  existence  to-day.  My  old  Jumbo  at  Butte  is  the  best 
one,  but  it  would  not  stand  the  service  in  my  latest  inventions. 

This  problem  will  not  be  finally  solved  until  my  continuous  process 
is  used.  The  heats  must  not  be  held  down  to  2,100°,  as  is  claimed 
in  this  paper,  thus  reducing  the  efficiency,  but,  on  the  contrary,  must 
be  driven  to  the  utmost  limit.  Apparatus  must  and  can  be  provided 
that  will  stand  this  severe  service  and  it  will  not  be  such  as  Mr. 
Mathewson  pronounces  "  standard  "  at  Great  Falls,  with  an  expensive 
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lining  2^  ft.  thick.  A  12-in.  lining  or  even  an  8-in.  lining  is  ample, 
providing  the  design  and  construction  are  such  that  it  can  be  held  in 
place  absolutely  and  providing  ample  provision  is  also  made  for  radi- 
ating and  dissipating  these  excessive  heats  from  the  outside  of  the 
vessel,  instead  of  doing  what  all  are  now  doing, — attempting  to  regu- 
late these  on  the  inside  of  the  vessel. 

I  can  show  how  all  of  these  things  can  be  safely  and  cheaply  done. 
I  can  also  show  a  mechanical  tuyere  puncher  that  will  do  far  better 
work  than  men  can ;  will  do  it  almost  without  cost — compared  with 
hand-work — and  will  do  this  efficiently  year  in  and  year  out.  As  the 
modern  converter  is  equipped  with  from  24  to  68  tuyeres,  the  puncL 
ing  becomes  a  laborious  and  expensive  task. 

My  latest  converter  is  cheap  to  build;  it  is  absolutely  rigid  and 
secure  in  every  respect.  I  am  certain  the  lining  will  last  for  a  year 
and  I  believe  much  longer.  My  old  lining  lasted  8^  months.  The 
process  is  continuous,  and  an  absolute  limit  can  be  placed  on  the  cor- 
rosion of  the  lining  and  to  any  degree  desired  without  in  any  way 
interfering  with  successful  converting  up  to  the  final  stage  of  blister. 
It  is  difficult  to  do  these  things  and  do  them  in  a  perfectly  safe  way. 


A  Note  on  the  Occurrence  and   Manufacture  of  Refractories  in 

Montana. 

Duconion  of  the  paper  of  W.  H.  Gunniss,  presented  at  the  Butte  meetiDg,  Aognst,  1918^ 
and  printed  in  BulUHn  No.  81,  September,  1913,  pp.  2309  to  2310. 

Prof.  J.  W.  Richards,  South  Bethlehem,  Pa. : — ^In  regard  to  the 
physical  nature  of  quartz  for  making  silica  brick,  is  the  coarse- 
grained preferable  ? 

E.  P.  Mathbwson,  Anaconda,  Mont. : — ^A  dense  quartz  is  prefer- 
able. The  quartzite  is  the  actual  material  used  by  the  Anaconda 
Company.  The  sandstone  referred  to,  the  foreign  quartz,  was  a  very 
pure  sandstone  and  had  hardly  any  impurities  in  it,  and  the  brick 
made  from  that  particular  material,  while  apparently  beautiful  while 
coming  out  of  the  kiln,  and  true,  immediately  on  heating  in  the 
furnace  buffed  up  half  an  inch  and  were  cracked  open. 


Assay  for  Gold  and  Silver  by  the  Iron- Nail  Method. 

Ducoarion  of  the  paper  of  £.  J.  Hall  and  C.  W.  Druiy,  presented  at  the  Butte  meeting, 
August,  1913,  and  printed  in  BiUleiin  No.  78,  June,  1913,  pp.  1059  to  1066. 

A.  M.  Smoot,*  New  York,  N.  Y.  (communication  to  the  Secre- 
tary f): — The  nails  method  is  given  in  many  text  books  on  assaying 
as  a  standard  method  for  gold  or  for  gold  and  silver  in  ores.  It 
appears  to  be  taught  in  the  laboratories  of  technical  and  scientific 
schools  as  a  standard  method,  and  to  some  extent  it  is  used  by  as- 
sayers  in  actual  practice,  although  the  class  of  ores  to  which  it  may 
be  applied  is  limited  to  those  free  from  reducible  metallic  compounds, 
the  metals  of  which  would  enter  the  lead  button. 

The  experiments  of  Messrs.  Hall  and  Drury  show  the  inaccuracy  of 
this  method  for  silver,  in  heavy  sulphides,  but  not  so  clearly  the  short- 
comings with  regard  to  gold.  It  seems  certain  that  low  silver  is 
caused  by  the  solubility  of  silver  in  iron-alkali  sulphide  as  compared 
with  its  solubility  in  molten  lead ;  that  is,  silver  is  distributed  be- 
tween iron-alkali  sulphide  and  metal  in  the  charge  in  proportion  to 
solubility  at  the  particular  temperature  of  the  fusion.  Lead  is  a  fixed 
quantity  in  these  assay  charges,  but  iron-alkali  sulphide  increases 
with  increased  sulphur,  so  the  more  sulphur  in  the  charge,  the  lower 
the  silver  results. 

Considering  tests  lA  and  2A,  in  Table  I,  it  will  be  seen  that  the 
amount  of  pyrite  in  these  charges  was  so  small  as  to  be  fully  oxidized 
by  the  litharge;  consequently,  the  only  sulphide  sulphur  likely  to  be 
in  the  slag  would  be  produced  from  the  reducing  action  of  iron  on 
sodium  sulphate.  Analyses  of  the  slag  show  the  sulphide  sulphur  to 
be  very  small,  practically  negligible  in  these  charges.  Both  silver 
and  gold  results  are  substantially  correct,  gold  being  fully  as  high  as 
in  any  of  the  niter-excess  litharge  charges  (tests  C),  and  silver, 
although  a  little  lower,  yet  within  the  limits  of  ordinary  assay  errors. 
Wlen  sulphur  in  the  charge  increases  beyond  the  amount  which  can 
be  oxidized  by  25  g.  of  litharge  the  silver  figures  drop  proportionally 
to  the  increase  in  sulphur.  It  is  quite  evident  that  no  iron  at  all  was 
necessary  in  2 A,  and  that  in  1 A  it  was  only  necessary  as  a  reducing 
agent  to  produce  a  proper  sized  lead  button.  In  this  charge  a  little 
carbonaceous  reducing  agent — say  a  gram  of  argol — could  advantage- 
ously have  been  substituted  for  nails.     The  1 A  and  2 A  charges  are 

*  Chief  Chemist,  Ledoux  &  Co. 
t  Received  July  21,  1913. 
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substantially  excess-litharge  charges,  the  slags  being  of  the  order  of 
bisilicates.  In  all  the  other  A  charges,  8,  4,  5,  6,  and  7,  wherein 
pyrite  exceeds  the  amount  that  can  be  oxidized  by  25  g-  of  litharge, 
silver  is  markedly  and  increasingly  low  as  the  sulphur  increases,  and 
gold  is  also  low,  but  by  a  practically  fixed  amount,  averagiDg,  say, 
0.20  mg. 

In  the  B  experiments,  wherein  a  large  excess  of  argol  was  used, 
the  silver  results  are  of  the  same  order  as  in  the  A  experimente, 
going  uniformly  lower  as  the  sulphide  sulphur  increases.  The  gold 
results,  however,  are  different;  charges  IB  and  2B,  containing  only 
small  amounts  of  pyrite,  yield  markedly  low  gold,  whereas,  omitting 
4B,  from  which  some  lead  was  lost,  the  other  B  charges  are  only 
slightly  low.  It  seems  that,  unlike  silver,  gold  is  not  soluble  in 
alkali-iron  sulphide.  A  reasonable  explanation  for  the  low  gold  in  IB 
and  2B  might  be  found  in  the  nature  of  the  slag.  This  is  nearer  a 
bisilicate  than  a  monosilicate  because  of  the  large  amount  of  silica 
added  to  make  the  weight  of  the  "  ore  "  equal  to  0.5  A.  T.  Thus  in 
lA  and  IB,  13.5  g.  of  silica  were  added;  in  2A  and  2B,  12.5  g.  In 
these  charges  there  is,  therefore,  no  excess  of  soda  to  form  iron-alkali 
sulphides,  but  as  the  pyrite  is  increased  and  the  silica  correspondingly 
decreased  the  charges  become  more  basic,  with  higher  results  in  gold 
in  the  case  of  the  B  experiments.  It  should  be  kept  in  mind  that  in 
the  A  charges  no  extra  reducing  agent  is  present,  the  slag  is  unsatis- 
factory, and  the  ore  is  probably  not  fully  decomposed,  while  in  the  B 
charges  argol  is  present  in  large  excess.  Probably  in  the  B  charges 
the  litharge  is  reduced  early  in  the  fusion  period,  whereas  in  the  A 
charges  it  is  more  slowly  reduced  by  the  sulphur  in  the  ore.  It  is 
reasonable  to  suppose  that  the  sulphide  formed  in  IB  and  2B  is  really 
present  as  an  iron  matte  disseminated  through  the  slag,  but  not  dis- 
solved in  the  form  of  an  iron-alkali  sulphide,  because  there  is  no  ex- 
cess of  alkali  in  these  charges  to  form  such  a  compound.  As  iron 
matte  is  an  excellent  solvent  for  gold,  low  results  may  be  expected 
where  it  is  formed. 

In  the  case  of  the  other  B  experiments,  Nos.  8,  5,  6,  and  7,  where 
sulphur  increases  and  silica  decreases,  presumably  with  the  formation 
of  alkali-iron  sulphide  in  the  slag,  the  gold  figures  are  considerably 
higher  than  in  the  A  experiments,  subsequent  to  3A. 

This  argument,  based  on  Hall  and  Drury's  experiments,  points  to 
the  conclusion  that  the  nails  method  would  be  .improved  for  gold  by 
increasing  the  alkali,  so  as  always  to  form  alkali-iron  sulphide  instead 
of  iron  matte,  as  well  as  by  adding  an  excess  of  an  organic  reducing 
agent,  thereby  producing  a  better  slag.     Experimental  evidence  in 
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support  of  this  suggestion  is  at  present  slender,  but  so  far  as  it  goes 
it  supports  the  theory. 

Two  samples  of  heavy  sulphide  (pyritic)  ores,  assayed  in  Ledoux  k 
Co.'s  laboratory  by  the  excess-litharge  method,  gave  the  following  in 
ounces  of  gold  per  ton  : 

Sample  A.  Sample  B. 
1.20  1.61 

1.20  1.51 

1.21  1.515 


1.203  1.512 

The  same  sample  by  the  nails  method,  using  the  conventional 
charge  of  0.5  A.  T.  ore,  30  g.  sodium  carbonate,  10  g.  borax  glass, 
25  g.  litharge,  and  4  nails,  gave : 

Sample  A.  Sample  B. 

1.16  1.46 

1.16  1.39 

1.46 


1.16  1.433 

These  results  fully  confirm  prior  experience,  that  the  nails  method, 
fts  ordinarily  conducted,  gives  low  gold.  The  nails  method,  modified 
by  adding  5  g.  of  argol  to  the  preceding  charge  and  increasing  the 
Bodium  carbonate  to  60  g.,  gave : 

Sample  A.  Sample  B. 

1.22  1.50 

1.24  1.60 


1.23  1.50 

It  will  be  seen  from  the  above  that  while  the  usual  "  nails  "  charges 
give  markedly  low  results,  the  modified  "  nails  "  charges  are  com- 
mensurate with  the  excess-litharge  method. 

W.  J.  Sharwood,  Lead,  B.  D.  (communication  to  the  Secretary  *) : 
— It  seems  possible  that  one  of  the  principal  differences  between  nail- 
method  slags  and  the  slags  formed  in  the  ordinary  lead  assay,  in  addi- 
tion to  those  mentioned  by  the  authors,  and  perhaps  the  chief  cause 
of  the  less  satisfactory  character  of  the  former,  may  be  the  presence 
of  a  larger  proportion  of  ferrous  sulphide,  or,  as  usually  stated,  of 
ferrous  alkaline  sulphide.  This  is  due  to  the  relative  smallness  of  the 
usual  lead  charge  and  its  commonly  lower  proportion  of  sulphur. 

♦  Received  Aug.  1,  1913. 
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Thus,  with  the  ordinary  5-g.  lead  assay  charge,  a  sample  of  pare 
galena  would  carry  only  0.67  g.  of  total  sulphur.  With  an  ore  consist- 
ing of  one-third  each  of  galena,  blende,  and  pyrite,  there  would  be  1.66 
g.  of  sulphur.  The  proportion  of  alkaline  flux  per  unit  of  ore,  cal- 
culated to  Na^O  and  K^O,  is' commonly  somewhat  greater  in  the  lead 
assay  than  in  the  mixture  used  by  the  authors,  and  the  large  ratio  of 
potash  to  soda  also  makes  it  decidedly  more  fusible  than  an  unmixed 
soda  flux. 

The  valuable  data  in  Table  I  confirm  what  is,  I  believe,  the  gen- 
eral experience  of  assayers,  that  the  nail  method  tends  to  give  decid- 
edly low  silver  results,  but  is  reasonably  accurate  in  regard  to  gold; 
whiJe  the  niter  fusion,  if  carefully  performed,  is  fairly  satisfactory  for 
both  gold  and  silver.  The  silver  losses  reported  in  this  table  for  the 
nail  method  seem,  however,  unusually  large. 

Thus,  in  the  four  most  highly  sulphuretted  charges  (40  to  90  per 
cent  pure  pyrite)  the  silver  results,  using  nails  and  argol  together, 
average  14  per  cent,  below  the  truth.  Without  argol  the  two  highest 
in  pyrite  give  errors  of  nearly  10  per  cent.,  while  with  40  and  60  per 
cent,  of  pyrite  the  silver  is  about  4  per  cent,  too  low.  On  the  other 
hand,  the  gold  tends  to  be  slightly  higher  with  increasing  pyrite— « 
result  which  might  be  modified  were  a  large  number  of  determina- 
tions made  and  averaged.  The  average  gold  value  given  in  the  table 
for  the  nail  method  is  very  nearly  that  of  the  uncorrected  assay  with- 
out pyrite.  Is  it  possible  that  there  is  a  trace  of  gold  in  the  pyrite 
used? 

The  authors  unfortunately  do  not  mention  the  amounts  of  iron  and 
lead  in  the  slags,  nor  the  size  of  the  lead  button  obtained ;  presuma- 
bly nearly  all  the  lead  was  reduced.  In  the  accompanying  table  I 
have  taken  the  liberty  of  assuming,  as  an  approximation  based  on  the 
authors'  data  (p.  1064),  that  14  g.  of  iron  was  removed  from  the  nails 
in  each  of  the  tests  numbered  5  and  7,  and  that  5  g.  of  lead  remained 
in  the  slag.  The  tabulated  molecular  ratios  indicate  the  nature  of 
the  slags  obtained,  from  a  chemical  standpoint,  perhaps  more  clearly 
than  the  mere  percentage  analysis.  Even  if  as  much  as  5  g.  of  lead 
remains  in  the  slag,  it  is  evidently  of  relatively  small  importance 
compared  with  the  other  constituents,  mostly  of  low  molecular  weight. 

In  some  assays  made  several  years  ago,  with  charges  of  0.5  and  1 
assay  ton  of  Frue  concentrates  containing  up  to  50  per  cent  of  pyrite 
and  pyrrhotite,  using  nails  or  iron  filings,  a  few  slags  were  analyzed, 
and  it  was  found  that  nearly  half  the  sulphur  reniained  in  the  slag  as 
sulphide.  It  is  interesting  to  note  that  the  same  is  true  of  the  high 
pyrite  charges  tabulated  in  this  paper. 
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The  size  of  the  nails  employed  in  these  experiments  is  not  stated. 
This  seems  to  be  a  matter  of  some  importance.  Frequently  a  20d. 
{4-in.)  nail  is  used,  either  wire  or  cut.  The  late  Richard  Smith,  when 
teaching  assaying  at  the  Royal  School  of  Mines,  used  to  recommend  the 
cat  nails  then  in  vogue,  used  head  downward  to  expose  the  greatest  sur- 
face possible ;  alternatives  being  lengths  of  nail  rod  or  pieces  of  0.5-in. 
hoop  iron,  sometimes  bent  U-shape ;  or  substituting  a  suitable  amount 
of  iron  filings  or  turnings. 

The  manipulation  necessary  when  large  nails  or  long  pieces  of 
metal  are  used  and  removed,  is  a  time-consuming  inconvenience, 
while  the  waste  of  metal  is  considerable,  as  it  is  rarely  safe  to  use  a 
nail  more  than  once.  It  seems  desirable,  therefore,  to  use  iron  in 
6ome  form  exposing  more  surface,  adjusting  the  amount  to  the  re- 
quirements of  the  case,  so  that  all  may  be  consumed,  leaving  no 
excess  to  be  removed. 

The  idea  is  not  a  new  one.  In  the  case  of  the  sulphide  ores  of  lead, 
which  are  partly  decomposable  by  sodium  carbonate  alone,  partly  by 
iron  alone,  but  completely  by  both  together,  the  use  of  iron  filings  is 
mentioned  by  Mitchell  and  by  Percy,  both  of  whom  refer  to  still 
earlier  work.  In  fact,  this  seems  to  have  been  one  of  the  earliest 
forms  in  which  iron  was  used  for  assay  purposes.  In  Cramer^s  work 
on  assaying  (Mortimer's  translation,  2d  ed.,  1764)  one  section  is  de- 
voted to  "  Precipitation  by  Iron  and  Lead  of  Silver  out  of  a  Mixture 
containing  a  great  Deal  of  Sulphur,"  in  which  the  reader  is  cautioned 
"  You  must  not  use  Filings  quite  spoiled  with  Rust :  For  they  have 
no  Virtue  for  absorbing  the  Sulphur." 

At  the  Homestake  assay  office  the  practice,  introduced  about  10 
years  ago,  is  to  use  small  steel  wire  nails,  a  number  of  which,  suited 
to  the  material  to  be  assayed,  are  stuck  in  the  top  of  the  charge  before 
adding  the  borax  cover.  A  size  found  well  adapted  to  charges  of 
tailing  carrying  from  3  to  5  per  cent,  of  sulphur  is  a  f-in.  brad  of 
18-gauge  wire,  the  diameter  of  which  is  about  0.045  in.  An  old 
Oalifornian  book  —  Barstow's  Sulphurets,  I  believe  —  recommended 
small  tacks  for  this  purpose. 

The  authors  evidently  realize  the  advantage  of  using  normal  sodium 
carbonate  (soda  ash)  as  a  flux,  rather  than  the  bicarbonate  to  which, 
for  some  unexplained  reason,  so  many  assayers  still  adhere.  It  may 
be  worth  while  to  point  out  here  that  soda  ash  usually  costs  less  per 
pound,  and  that  a  pound  of  it  contains  over  50  per  cent,  more  actual 
fluxing  material  than  a  pound  of  bicarbonate,  though  the  latter  gives 
off  about  90  per  cent,  more  gas  per  pound  before  action  ceases.  For 
^very  gram  of  Na^O  available  as  flux,  one  must  use  1.7  g.  dry  sodium 
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carbonate  (soda  ash)  or  2.7  g.  of  bicarbonate.  If  both  are  pure  the 
volame  of  gas  given  ofi  by  the  soda  ash  is  just  one-third  of  that 
evolved  by  an  equivalent  (not  equal)  weight  of  bicarbonate.  Thus 
the  amounts  finally  given  off  per  gram  of  Nafi  available  are  nearly 
500  and  1,500  cc.  respectively  if  measured  at  100°  C,  or  about 
doable  these  volumes  at  400°  C. 

The  authors'  data  indicate  the  superiority  of  the  niter  assay  to  the 
nail  method  for  high-sulphide  ores,  when  silver  is  of  importance. 
Some  assayers,  however,  avoid  large  proportions  of  niter,  on  account 
of  its  tendency  to  boil  over.  Others  do  not  hesitate  to  use  35  or  g. 
more  per  charge,  apparently  without  disastrous  effects.  This  seems 
to  be  one  of  the  instances  where  experience  and  close  attention  to 
details  enable  the  successful  use  of  a  method  which  presents  consid- 
erable difficulty  to  a  novice. 

A  reagent  which  presents  some  advantages,  and  was  recommended 
by  Percy  but  is  now  little  used,  is  red  lead  as  a  substitute  for  litharge. 
It  contains  at  least  25  per  cent,  more  oxygen,  retaining  it  up  to  a 
fairly  high  temperature,  so  that  the  extra  oxygen  is  available  for  the 
oxidation  of  sulphur  or  other  reducing  agents.  Some  of  the  redder 
samples  of  litharge  in  the  market  contain  an  appreciable  amount  of 
extra  oxygen. 

While  it  would  not  be  permissible  to  make  the  slag  highly  acid  in 
carrying  out  the  nail  assay,  it  seems  desirable  to  add  some  silica 
whenever  the  percentage  of  pyrite  is  high,  if  only  to  check  the  corro- 
sion of  the  crucibles.  I  believe  this  is  common  practice.  One  writer 
on  assaying  (W.  L.  Brown)  has  gone  to  the  extreme  of  recommending 
the  addition  of  silica  to  all  assay  charges — even  with  quartzose  ores. 

L.  8.  Austin,  Salt  Lake  City,  Utah  (communication  to  the  Secre- 
tary *) : — Messrs.  Hall  and  Drury  have  investigated  the  limitations 
of  the  nail  assay  under  certain  specified  conditions,  but  one  need  not 
accordingly  infer  that  it  is  to  be  set  aside.  It  remains  a  quick  and 
satisfactory  method  if  judiciously  used. 

The  nail  assay  has  been  long  since  tested  out  in  practice,  the  results 
obtained  by  it  having  been  compared  with  those  from  scorification 
and  niter-fusion.  This  has  been  within  the  experience  of  many  assay- 
ers, who,  as  the  result  of  their  long-continued  experiences,  have  felt 
that  they  know  how  and  when  to  use  it. 

The  prospector  frequently  brings  to  the  custom  assayer  samples  of 
ore  for  assay,  sometimes  a  single  piece,  sometimes  an  approximate 
sample  of  a  face  of  ore,  sometimes  a  <<  grab  "  sample,  this  latter  a 

*  Beceived  Sept.  9,  1913. 
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handful  of  ore  taken  at  random  from  a  heap,  and  mistakenly  assamed 
by  the  taker  to  represent  the  heap.  Under  such  circumstances  a 
result  a  little  low,  as,  for  example,  an  ounce  in  twenty-five  of  silver, 
would  be  on  the  safe  side,  and  would  make  no  practical  difference  to 
the  prospector.  For  the  assay  he  wishes  to  pay,  or  can  afford  to  pay, 
very  little. 

Again,  a  mine  assayer  may  have  dozens  of  assays  to  make  daily, 
results  from  faces  of  stopes,  grab  samples  from  ore  piles,  from  ore 
passing  through  the  receiving  bins  and  from  other  places,  where 
approximations  would  serve  every  purpose. 

In  the  paper  several  reasons  are  given  in  favor  of  the  nail  assay  and 
these  should  have  weight.  These  are :  (1)  That  no  preliminary  treat- 
ment is  needed,  as  in  the  niter  assay.  By  this  I  understand  the  pre- 
liminary assay  for  reducing  power,  though  I  find  that  the  skilled 
assayer,  by  doing  a  little  panning  of  the  ore  or  simply  by  inspection, 
can,  four  times  out  of  five,  determine  the  niter  which  should  be  added. 
The  object  of  the  preliminary  work  is  of  course  (2)  to  insure  a  lead 
button  for  cupelling  of  the  proper  size.  As  to  the  third  point,  the 
method  is  economical.  If  the  economy  is  in  savitig  supplies,  thie 
should  not  influence  one,  but  if  time  is  economized,  then  such  econ- 
omy is  another  and  an  important  consideration. 

Certainly,  as  stated,  the  nail  assay  is  hardly  suited  to  ores  contain- 
ing appreciable  quantities  of  impurities :  viz.,  copper,  arsenic,  anti- 
mony, or  tellurium.  Such  an  ore  would  yield  a  hard  button  and  this 
would  have  to  be  scorified,  thus  introducing  double  work,  which  it  is 
the  object  of  the  nail  assay  to  avoid.  While  this  might  indeed  happen 
even  to  an  experienced  assayer,  still  it  need  seldom  occur,  and  he 
could  well  afford  to  take  the  risk. 

If  the  charges  are  properly  made  up,  I  am  hardly  prepared  to  agree 
with  the  authors  that  the  slags  are  unsatisfactory  in  the  larger  num- 
ber of  fusions.  As  to  low  results  with  silver,  we  know  that  results 
are  lower  than  by  the  niter  assay,  and  when  ore  lots  are  assayed  this 
latter  method  is  indicated.  In  such  cases,  however,  the  assayer  must 
use  his  best  efforts,  and  spare  neither  time  nor  pains  to  insure  tiie 
proper  result.  One  experienced  assayer,  using  the  nail  assay,  asserts 
that  the  difference  between  it  and  the  niter  assay  should  not  .exceed 
0.5  per  cent. 

The  scorification  method,  formerly  so  much  used,  appears  of  late 
years  to  have  dropped  more  out  of  sight.  For  all  that,  it  is  a  most 
excellent  method,  and  as  a  control  on  the  crucible  assay  it  may  he 
used  to  great  advantage,  especially  in  the  case  of  impure  ores. 

Since  the  nail  assay  is  so  convenient,  so  simple,  and  so  inexpensive, 
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why  not  use  it,  preparing  for  it  a  charge  which  can  be  rapidly  meas- 
ured out  ?     Sach  a  charge  might  be  thus  specified : 


Ore  ^ 0.5  aasay  ton. 

Soda. 25  to  35  g. 

Litharge 20  g.  or  less. 

Argol .'. 3  to  4  g. 

Borax  glftM. 5  to  15  g. 

Quartz  nnd 0  to  10  g. 

Ten-penny  nails 1  to  6. 

Considering  these  fluxes  in  order : 

For  most  ores  25  g.  of  soda  is  enough,  but  if  the  ore  is  nearly  all 
silica  35  g.  is  needed.  When  the  ore  contains  but  little  silica  the  de- 
ficiency is  made  up  by  the  addition  of  sand  up  to  the  amount  of  10  g., 
knowing  that  any  shortage  will  be  made  up  from  the  crucible  itself. 
Glass  may  be  used  in  place  of  sand,  but  to  twice  the  quantity  of  the 
latter.  I  may  say  that  for  rather  siliceous  ores  the  crucible  corrosion 
is  not  serious,  but  one  is  naturally  desirous  of  saving  the  crucibles  for 
other  assays,  and  here  again  one  must  be  cautious  never  to  use  it 
again  on  ores  or  ore  lots  when  the  results  must  be  exact. 

Twenty  grams  of  litharge,  which  will  be  entirely  reduced  by  the 
argols,  gives  a  suitable-sized  button,  and  it  is  not  intended  that  any 
lead  shall  be  left  in  the  slag.  In  case  the  ore  contains  lead  then  the 
litharge  is  lessened  to  insure  18  g.  of  a  button. 

The  quantity  of  argol  is  so  small  that  its  presence  hardly  afiects 
the  slag.  Added  to  insure  the  reduction  of  all  the  lead  in  an  oxidized 
ore,  it  is  left  standing  even  when  not  needed. 

One  can  hardly  use  less  than  5  g.  of  borax  glass  and  be  sure  that 
the  top  of  the  charge  is  covered  to  exclude  the  air;  15  g.  is  added 
where  the  ore  is  decidedly  basic. 

The  nails  will  vary,  according  to  the  judgment  of  the  assayer. 
Though  in  an  apparently  oxidized  ore  the  nails  could  be  omitted, 
still  one  is  retained  as  a  precaution. 

I  will  give  now  some  examples  of  fluxing,  applying  the  above 
principles,  and  using  0.5  assay  ton  of  ore. 

1.  A  quite  siliceous  ore  with  little  base:  Soda,  25  g. ;  litharge, 
20  g. ;  argol,  3  g« ;  borax  glass,  5  g. ;  and  one  nail. 

2.  An  ore  largely  galena:  Soda,  25  g. ;  litharge,  10  g. ;  argol, 
3  g. ;  borax  glass,  5  g. ;  and  two  nails. 

3.  A  basic,  oxidized  ore  with  little  or  no  lead:  Soda,  25  g. ; 
litharge,  20  g. ;  argol,  4  g. ;  borax  glass,  15  g.;  sand,  10  g. ;  and 
one  nail. 
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4.  A  ba,8ic9  blendy  ore  having  little  lead :  Soda,  25  g. ;  litharge^ 
20  g. ;  argol,  3  g. ;  borax  glasB,  15  g. ;  with  three  nails. 

5.  An  ore  high  in  pyrite  and  having  little  silica:  Soda,  25  g.; 
litharge,  20  g. ;  argol,  3  g. ;  borax  glass,  15  g.;  sand,  10  g.;  and 
six  nails. 

Where  the  work  is  run  hot,  with  pieces  of  coke  placed  at  the 
mouth  of  the  muffle,  one  should  have  but  little  trouble  from  drops  of 
lead  sticking  to  the  nails,  and  with  but  little  oxidizing  effect  upon  the 
charge. 

In  conclusion,  I  would  say  that  I  consider  the  nail  assay  to  be  a 
speedy  and  practical  method  of  determining  ores,  especially  those 
where  fairly  approximate  results  will  serve ;  but  for  obtaining  the 
best  and  most  accurate  returns,  one  should  use  the  niter  assay  or 
scorification. 


The  Laws  of  Jointing. 

Discoflsion  of  the  paper  of  Blarney  Stevens,  presented  at  the  Butte  meeting,  August,  1913^ 
and  printed  in  Bulletin  No.  79,  July,  1913,  pp.  1285  to  1303. 

F.  L.  6RAMMBR,Leesburg,  Va.  (communication  to  the  Secretary*):— 

Mr.  Stevens  refers  to  an  explanation  of  parallel  jointing  by  W.  0. 
Crosby,  which  I  noted  when  reading  one  of  his  excellent  text  books. 

It  seemed  to  me  earthquakes  were  not  a  satisfactory  explanation,  and 
I  looked  up  several  authorities ;  but  I  never  realized  how  small  the 
usual  amplitudes  were  until  Mr.  Stevens  presented  his  paper. 

Several  letters  to  the  U.  S.  Geodetic  Survey  showed  me  there  were 
very  few  records  of  tidal  movements  of  earth  crust  in  the  United 
States.  Altitude  and  latitude  would  be  influencing  factors ;  but  this 
diurnal  movement  must  exceed  earthquake  amplitudes,  besides  being 
more  nearly  universal.  My  inquiries  brought  the  answer  that  the 
major  directions  of  jointing  had  not  been  extensively  tabulated. 

If  major  directions  of  jointing  were  recorded — ^with  notes  as  to 
angle  with  mountain  chain,  or  North  Star,  and  distance  between 
joints,  with  nature  of  rock  and  maximum  and  minimum  tidal  up- 
heaval-^some  interesting  relations  might  be  made  manifest. 

Perhaps  European  tidal  movements  of  solid  crust  have  been  more 
closely  studied  and  their  influence  on  joint  direction  and  frequency 
in  different  classes  of  rocks  commented  on. 


*  Received  Aug.  8,  1013. 


Valuation  of  Coal  Land. 

DiscaauoQ  *  of  the  paper  of  H.  M.  Chance,  preiented  at  the  Butte  meeting,  August,  1913, 
and  printed  in  Bulletin  No.  79,  July,  1913,  pp.  1315  to  1341. 

George  H.  Ashley,!  Washington,  D.  C. : — Mr.  Chance's  long 
practical  experience  in  reporting  on  coal  lands  admirably  fits  him  for 
a  discassion  of  the  value  of  sach  lands.  On  behalf  of  the  govern- 
ment geologists,  I  wish  to  express  my  appreciation  of  Mr.  Chance's 
friendly,  constructive  criticism  of  the  government  method  of  valuing 
coal  land  in  the  first  part  of  his  paper  and,  at  the  same  time,  to  reply 
to  some  queries  he  makes. 

All  admit  that  coal  has  no  ^^  intrinsic  "  monetary  value,  in  the  sense 
that  a  pound  of  coal  of  certain  chemical  and  physical  characters  is 
worth  ^<  intrinsically  "  so  many  cents  or  fractions  of  a  cent.  The  term 
has,  however,  been  found  very  useful  as  including  those  natural  factors 
of  coal  value,  among  which  are  its  position  and  location  in  the  earth, 
that  afiect  its  sale  price  in  contrast  with  the  other  cost  elements 
involved  in  the  labor  and  capital  necessary  in  mining,  preparing, 
transporting,  and  selling  the  coal  (extrinsic  factors).  Mr.  Chance, 
while  recognizing  the  "  dual  origin  of  value,"  does  not  offer  any 
better  terms. 

The  Survey  agrees  with  Mr.  Chance  in  his  definition  of  coal  con- 
servation, that  it  means  the  fuller  utilization  of  the  heat  contents  of 
the  coal,  and  the  more  complete  recovery  of  the  coal  from  the  ground. 
Coal  land  withdrawals  have  not  been  made  to  keep  such  lands  off  the 
market,  but  to  prevent  their  acquisition  as  non-coal  lands  before  they 
could  be  classified  so  as  to  be  disposed  of  under  the  proper  law.  Nor 
has  the  pricing  of  the  more  valuable  coal  lands  above  the  minimum 
been  to  raise  money  for  the  Reclamation  Fund,  to  which  the  money 
goes,  but  primarily  to  discourage  the  alienation,  for  holding  or  specu- 
lation, of  coal  lands  not  intended  or  needed  for  development,  and, 
secondarily,  to  secure  to  the  people  the  "  unearned  increment,"  which 
they  are  certain  in  any  case  to  be  charged. 

Remembering  that  government  prices  of  coal  average  well  under 
1  c.  per  ton,  which  with  interest,  etc.,  will  hardly  come  to  more  than 
from  1.5  to  2  c.  per  ton  when  mined,  as  compared  with  the  other 
charges  against  coal,  such  as  the  freight  rate,  which  may  run  from 
50  c.  to  (5  per  ton  or  more,  it  is  not  quite  clear  how  the  government 

*  PuMished  by  permission  of  the  Director,  U.  8.  Geological  Survey. 
t  Chairman,  Coal  Section,  Land  Claasification  Board. 
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prices  are  going  to  be  a  burden  on  the  ultimate  consumer,  particularly 
when,  considered  as  a  whole,  that  money  has  been  in  the  consumer's 
other  pocket  or  at  interest  for  him.  What  the  consumer  objects  to 
are  the  charges  representing  unearned  increment  on  the  land,  unearned 
interest  on  watered  stock,  if  such  exists,  unearned"'railroad  rates  where 
they  are  excessively  high,  etc. 

Mr.  Chance  questions  a  number  of  the  principles  adopted  by  the 
Survey  as  governing  factors,  which  he  quotes.  In  view  of  the  writer's 
belief  that  the  cost  of  coal  lands  should  be  refunded  within  the  first 
20  years  of  mining,  regardless  of  the  life  of  the  mine,  it  would  seem 
from  Mr.  Chance's  table  under  "Value  as  afifected  by  ownership," 
that  the  value  of  a  ton  of  coal  at  the  time  of  opening  of  the  mine  is 
at  least  one-half  the  royalty  rate.  How  much  that  rate  should  again 
be  cut  to  allow  a  margin  of  safety  depends  on  the  local  conditions  in 
each  case.  For  the  "  developed  tonnage,"  to  use  Mr.  Chance's  term, 
one-half  would  seem  to  be  a  fair  margin.  In  the  government  pricing, 
a  safety  margin  of  four-fifths  or  more  of  the  estimated  value  is  allowed. 

Mr.  Chance's  question  of  the  statement  that  "The  government 
valuations  cannot  take  account  of  changes  in  competition,  markets, 
transportation  facilities,  or  freight  rates,  or  other  factors  .that  affect 
the  profit,"  suggests  that  the  statement  should  be  modified  or  ex- 
plained. Undoubtedly  the  government  could  take  account  of  those 
things,  but  to  do  so  would  involve  an  enormous  increase  in  the  cost, 
not  only  of  the  field  investigations,  but  of  the  office  work  in  valuing 
the  lands,  probably  doubling  the  cost  and,  with  the  present  meager 
funds  at  the  Survey's  disposal,  doubling  the  time  required  for  the 
classification  and  valuation  of  the  coal  lands.  There  is  also  another 
side  to  this  question.  Coal  lands  far  from  railroad  transportation  to- 
day have  practically  no  commercial  value  except  for  holding.  To  be 
utilized  they  must  be  brought  into  touch  with  transportation  facilities. 
To  sell  such  lands  at  their  present  actual  commercial  value  would 
mean  transferring  their  holding  from  the  government  to  private 
owners,  who  must  hold  them  at  a  high  rate  of  interest,  as  compared 
with  the  government,  or  it  would  mean  subsidizing  the  builders  of 
railroads  to  them.  Coal  lands  near  railroads  are  still  too  abundant 
to  need  any  such  subsidizing  beyond  the  one-half  price  reduction  now 
made  for  lands  more  than  15  miles  from  a  railroad. 

The  last  questions  will  be  considered  together : 

*'The  depth  to  which  any  coal  can  be  mined  is  assumed  to  be 
directly  proportional  (?)  to  the  B.  t.  u.  value  of  the  coal  and  inversely 

proportional  to  the  cost  of  mining  (?)  for  different  thickness 

The  value  of  coal  is  inversely  proportional  (?)  to  the  cost  of  mining 
(see  table  on  page  84)." 
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The  Survey  has  taken  the  same  ground  as  Mr.  Chance,  that  the 
value  of  coal  depends  on  the  profits.  No  profit,  no  v«alue;  double 
net  profit,  double  value.  The  depth  to  which  any  coal  can  be  mined 
is  that  depth  where  the  increasing  cost  of  extraction  extinguishes  the 
profit 

The  table  referred  to  (page  84,  Bulletin  No.  587,  U.  S.  Geological 
Survey)  considers  only  the  relative  value  of  the  same  coal  of  different 
thicknesses.  If  a  coal  has  no  value  unless  it  can  be  mined  at  a  profit, 
to  compare  two  coals  of  different  thicknesses  it  must  be  assumed  that 
the  thinner  coal  can  be  worked  at  a  profit.  If  a  2-ft.  bed  of  a  certain 
coal  can  be  mined  at  a  profit  just  vanishing,  what  will  the  profit  be  on 
a  4-ft.  bed  of  the  same  coal  ?  Obviously  just  the  difference  in  the  cost 
of  mining  between  a  4-ft.  and  a  2-ft.  bed.  For  the  selling  price,  freight 
rates,  etc.,  being  the  same,  the  profiis  in  working  the  4-ft.  bed  under 
conditions  otherwise  similar  to  those  of  working  the  2-ft  bed,  will  just 
equal  the  difference  between  the  cost  of  working  the  two  beds.  If 
the  conditions  be  such  that  the  minimum  thickness  for  any  coal  can 
just  be  worked  without  loss,  it  is  found  that  the  profit  in  working  beds 
of  greater  thickness  approximates  an  inverse  proportion  to  the  cost  of 
mining. 

Frankly  the  facts  are  these :  The  study  of  the  cost  of  mining  dif- 
ferent thicknesses  of  the  same  coal  had  brought  out  clearly  the  great 
difference  in  the  cost  of  mining  thin  coals.  As  between  the  same 
coal  in  adjoining  mines,  a  difference  of  thickness  would  undoubtedly 
affect  the  profits  and  to  that  extent  the  value  of  the  coal.  Could  any 
definite  relation  existing  between  the  cost  of  mining  as  affected  by  the 
thickness  be  found  that  could  be  systematically  used  in  valuing  coal 
lands  ?  The  premise  given  above  was  the  only  one  that  offered  any 
definite  answer,  and,  while  it  may  never  be  quite  correct  in  compar- 
ing the  value  of  two  thicknesses  of  the  same  coal,  it  appears  to  give 
the  closest  average  solution  of  all  cases. 

The  preceding  statement  that  the  value  of  coal  or  the  depth  to 
which  it  can  be  mined  is  proportional  to  the  B.  t.  u.  value  is  more 
open  to  question.  It  is  approximately  true  from  the  standpoint  of 
use ;  that  is,  that  a  ton  of  15,000-B.  t.  u.  coal  contains  as  many  B.  t  u.'s 
as  1.5  tons  of  10,000-B.  t  u.  coal  and  therefore  is  worth  1.6  times  as 
much.  Actually  the  first  coal  is  worth  a  little  more  than  1.5  times 
as  much  as  the  poorer  because  of  added  cost  after  delivery  to  the 
boiler-room  of  the  lower-grade  coal,  due  to  increased  labor  of  stoking 
and  removal  of  ash,  increased  storage  capacity  needed,  and  possibly 
to  furnace  difliculties.  This  may  make  a  difference  of  say  one-tenth 
to  one-half  between  the  two  coals.     Such  a  difference,  however,  may 
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be  largely  offBet  by  the  greater  ash  content  of  the  higher-grade  coal. 
On  the  whole  it  is  not  far  from  right,  considered  from  the  standpoint 
of  use  where  no  smoke  ordinances  are  involved,  but  only  horse  power 
per  dollar  of  fuel  cost. 

More  and  more,  large  users  of  coal  are  studying  their  coal  bills  so 
that,  as  between  two  coals  with  the  same  losses  through  the  grate 
bars  and  out  of  the  chimney  per  B.  t.  u.  and  the  same  ratio  of  impuri- 
ties, they  will  be  rated  as  follows :  A  (cost  of  poorer  coal  per  ton)  X 
(B.  t.  u.  of  better  coal  divided  by  B.  t.  u.  of  poorer  coal)  +  excess  cost 
of  handling  and  storage  =  B"  (equivalent  cost  of  better  coal  per  ton). 
If  B,  as  so  computed,  is  less  than  the  market  price  of  the  better  coal 
delivered,  the  poorer  coal  will  be  used.  If  B  is  more,  the  better  will 
be  used. 

Leaving  out  of  consideration  household,  coking,  and  blacksmith 
coals,  which  have  special  enhancing  values  and  are  specially  treated 
in  the  regulations  governing  the  pricing  of  government  coal  lands, 
the  study  of  coal  profits  the  country  over  in  relation  to  B.  t.  u.  value 
is  confusing  rather  than  enlightening.  In  general,  such  a  study  shows 
that  coals  of  all  degrees  of  heat  values  are  being  mined  and  marketed 
and  that  all  of  the  profits  are  not  going  to  the  operators  in  high-grade 
steam  coals.  The  old  law  of  supply  and  demand  soon  levels  down 
any  high  profit  points,  so  that  it  must  be  doubted  if  the  producers  of 
Pittsburg  steam  coal- are  getting  any  larger  profit  per  ton  than  a 
large  share  of  the  producers  of  sub-bituminous  coal  in  the  West 
If  the  various  coals  were  all  grouped  together  in  a  small  field,  equally 
distant  from  a  common  market,  either  only  one  at  a  time  would  be 
worked  or,  if  more  than  one,  the  profits  on  the  better  coals  (cost  and 
impurities  being  the  same)  would  be  governed  by  the  B.  t  u.  value. 
But  under  the  conditions  actually  existing  each  coal  has  its  own  field, 
whose  size  and  limits  are  determined  by  the  ability  of  reduced  cost  of 
production  and  B.  t.  u.  value  to  overcome  transportation  charges 
against  competing  coals  in  every  direction.  In  this  competition  the 
better-grade  coals  have  the  advantage  of  wider  markets,  of  being 
able  to  carry  higher  operating  costs,  of  being  able  to  meet  higher 
freight  rates  to  common  markets,  and  of  being  minable  at  a  profit 
against  lower-grade  coals  in  the  same  field.  In  the  West  it  is  not  an 
infrequent  condition  to  find  coals  of  different  ages  and  different  quali- 
ties in  the  same  sequence  of  rocks.  So  that,  notwithstanding  the 
general  statements  just  made,  even  though  all  coals  were  to  be  ulti- 
mately mined  at  about  the  same  close  margin  of  profit,  the  better 
coals  can  enter  the  market  sooner  and  are  stronger  to  meet  adverse 
conditions  and,  therefore,  must  be  considered   as  having  a  higher 
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value.  That  difierence  in  valae-  probably  would  be  better  expressed 
in  a  relation  to  B.  t  u.  that  gave  greater  increased  value  to  the  higher- 
grade  coals  than  that  yielded  by  the  simple  proportion  to  the  B.  t.  u. 
value ;  such  as,  for  example,  that  expressed  by  the  formula :  price 
per  ton  of  any  coal  equals  its  B.  t.  u.  value  divided  by  (10,000  + 
(15,000  —  B.  t.  u.  value) ) ;  but  considering  that  the  basing  price  per 
ton  is  the  one  element  Of  the  regulations  that,  more  than  any  other, 
would  be  sought  by  the  public  and  form  the  basis  of  judging  the 
regulations  as  a  whole,  it  seemed  wisest  to  use  the  simplest  relation 
possible,  one  that  was  readily  intelligible  without  computations  or 
uncertainty.  In  the  case  cited  by  Mr.  Chance  of  a  6-ft.  bed  of  9,800- 
B.  t.  u.  coal  and  a  4-ft  bed  of  15,000-B.  t.  u.  coal,  it  is  more  than  prob- 
able that  under  present-day  conditions,  if  the  9,800-B.  t.  u.  coal  is  be- 
ing mined  at  all,  it  is  situated  under  such  conditions  that  it  sells 
f.o.b.  mine  at  about  the  same  profit  as  the  15,000-B.  t  u.  coal  at  its 
mine. 

In  conclusion,  it  is  evident  to  any  one  who  has  studied  this  subject 
at  all  that  it  involves  a  great  number  of  factors  in  which  theory  must 
constantly  be  checked  by  the  facts  of  the  industry  and  in  which  the 
primary  need  is  still  for  the  collection  and  assembling  of  facts.  Each 
constructive  paper,  such  as  that  by  Mr.  Chance,  adds  its  quota  to  the 
solution  of  the  problems  involved.  No  attempt  is  made  here  to  re- 
view the  main  part  of  his  paper,  which  will  need  more  careful  study 
than  was  possible  in  the  brief  time  allowed  for  preparing  this  review.  . 
Such  study,  it  is  hoped,  will  be  given  in  the  succeeding  months,  and 
I  believe  that  I  voice  the  sentiments  of  my  colleagues  in  stating  that 
the  Geological  Survey  stands  ready  to  modify  at  any  time  its  proce- 
dure in  valuing  coal  lands  when  convinced  by  presentation  of  facts 
that  its  methods  are  erroneous  or  can  be  improved. 

Howard  N.  Eavenson,  Gary,  W.  Va.  (communication  to  the  Secre- 
tary *) : — Mr.  Chance  is  undoubtedly  correct  in  his  statement  of  the 
essential  factors  in  fixing  the  value  of  coal  land,  and  also  in  his  objec- 
tion to  the  use  of  a  fixed  royalty  value  per  ton  in  making  the  valua- 
tion, on  account  of  the  appreciation  usually  found  in  this  value  as 
time  demonstrates  the  worth  of  any  particular  coal  field.  Against 
this  may  be  stated  the  argument  that  custom  has  usually  fixed  the 
royalty  value  at  an  average  figure  for  any  particular  field  and  that 
this  amount  should  govern  the  final  valuation,  particularly  where  the 
work  is  done  for  taxation  purposes.  The  custom,  now  being  intro- 
duced in  some  new  leases  in  the  bituminous  fields,  of  exacting  as 

*  Received  Sept  25,  1913. 
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royalty  a  percentage  of  the  selling  price  of  the  coal,  will  eliminate  the 
objection  stated  to  the  use  of  royalty  value,  as  the  average  amount 
paid  under  the  new  arrangement  will  undoubtedly  give  an  accurate 
measure  of  the  value  of  the  coal. 

Where  the  royalty,  the  quantity  of  recoverable  coal,  and  the  aver- 
age rate  of  shipments — say,  for  the  past  five  years — are  known,  it 
seems  to  the  writer  that  the  value  of  the  coal  land  is  the  average  price 
which  will  be  paid  for  it  at  the  royalty  given  and  in  the  time  which 
will  be  required  to  remove  it  at  the  known  rate  of  shipment  For  a 
seam  from  which  can  be  mined  1,300  tons  per  acre-foot,  at  a  royalty 
of  10  c.  per  ton,  there  will  be  paid,  the  year  the  coal  is  mined,  |13(> 
per  acre-foot ;  if  the  life  of  the  mine  (the  amount  of  recoverable  coal 
divided  by  the  average  rate  of  shipment)  is  40  years,  the  present  worth 
of  the  price  to  be  paid  for  the  last  acre-foot  of  coal  mined,  at  6  per 

1180 
cent,  is  -rz~zz  =  f  12.64,  and  the  average  value  of  the  coal  in  the 

|180  +  $12.64 

mine  is =  (71.S2  per  acre-foot     The  amount  of  coal 

z 

recovered  per  acre-foot  may  change,  the  life  of  the  property  may  be 

decreased  or  increased  as  the  rate  of  shipment  varies,  and  the  interest 

rate  may  vary  with  financial  conditions,  but  the  writer  believes  that 

this  method,  when  used  with  the  proper  factors,  will  give  results 

which  will  check  very  closely  with  the  figures  of  actual  sales. 

*  The  writer  is  in  thorough  accord  with  Mr.  Chance  in  his  remarks 
about  the  assumptions  made  by  the  U.  8.  Geological  Survey  BuUetin 
on  the  method  used  by  the  government  in  fixing  the  selling  price  of 
coal  land.  Competition  from  other  districts  has  certainly  much  more 
to  do  with  the  value  of  coal  land  than  has  the  cost  of  mining.  As  an 
instance  of  this,  certain  coal  lands  in  Alabama  and  West  Virginia 
may  be  cited.  In  both  States  the  coal  is  to  be  mined  by  shafts  of 
about  the  same  depths,  the  thicknesses  of  the  two  seams  are  practi- 
cally the  same,  the  West  Virginia  coal  is  superior  in  quality  to  the 

Alabama  coal,  but  the  former  is  now  considered  of  no  commercial 
value,  while  expensive  plants  are  being  erected  to  mine  the  latter. 

B..  B.  Brinsmads,  Puebla,  Puebla,  Mexico  (communication  to  the 

Secretary*): — ^I  find  myself  differing  materially  on  but  few  points 

with  Mr.  Chance  in  his  comprehensive  and  scientific  treatment  of 

coal-land  valuation.     On  p.  1317  he  says : 

^^  As  it  is  thus  clear  that  the  consumer  must  repay  to  the  coal  oper- 

*  Beoeiyed  Oct  14,  1913. 
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ator  the  price  paid  for  the  land,  the  sale  of  coal  land  at  *  coal  laad 
prices '  by  the  government  becomes  in  fact  merely  a  method  of  rais- 
ing money  by  taxing  the  consumer." 

This  view,  that  a  higher  price  for  land  means  necessarily  a  higher- 
priced  coal,  disregards  entirely  the  effect  of  marginal  land  on  prices, 
which  I  explained  in  my  discussion  ^  of  Dr.  Raymond's  recent  paper 
as  follows : 

The  Essential  Factors  in  Fixing  Prices. 

The  rent  of  land  is  essentially  a  residual  product,  obtained  by  sub- 
tracting wages  and  interest  from  the  wealth  output ;  and  this  is  true 
because  both  labor  and  capital  must  be  continually  supported  and 
renewed  or  they  perish,  while  land  is  self-supporting  and  self-existent. 

In  each  industry  there  exists  ^<  marginal "  land ;  {.  e.,  land  whose 
product  leaves  no  residuum  after  wages  and  interest  have  been  paid. 
This  marginal  land  varies  in  quality  with  commercial  activity,  but  it 
may  be  described  as  the  leanest  land  that  has  to  be  worked  to  satisfy 
the  current  requirements  of  the  market.  Though  supply  and  demand 
may  name  the  temporary  price  of  a  commodity,  its  average  price  is 
fixed  by  the  cost  of  reproduction  on  marginal  land ;  hence  under  nor- 
mal conditions  rent  cannot  enter  into  price,  for  marginal  land  is  rent- 
less.  Only  in  the  cases  where  all  available  marginal  land  was 
monopolized  by  some  owner,  who  would  not  allow  it  to  be  used  at 
all  without  the  payment  of  rent,  would  rent  become  a  factor  in  deter- 
mining price.* 

The  rent  of  mineral  land  is  usually  collected  as  royalty,  and,  since 
the  government  has  calculated  its  new  coal-land  prices  from  the  basis 
of  royalty  value,*  it  is  evident  from  my  above  quotation  that  these 
new  prices  will  not  affect  the  consumer,  but  will  simply  mean  that  the 
government  will  retain  part  pf  the  land  value  which  has  hitherto 
enriched  the  coal-land  speculator. 

If  the  former  policy  of  practically  donating  our  coal  resources  to 
the  first  comer  had  not  been  discontinued,  all  our  remaining  coal  of 
any  value  (present  or  prospective)  would  soon  have  become  private 
property.  Then  could  easily  have  arisen  in  the  West  what  has 
already  happened  in  the  East  for  anthracite  and  coking  coal;  i.  e.,  all 
available  marginal  land  being  cornered  the  price  of  the  output  would 
cease  to  be  competitive  (set  by  cost  of  reproduction  on  marginal  land) 
and  become  monopolistic,  or  "  what  the  traffic  would  bear." 

'  Oar  National  Besoorces  and  Our  Federal  Goyernment,  BuiUHn  No.  77,  May,  1913, 
pp.  971  to  978. 

'  See  also  J.  £.  Symee,  PoliHeal  Economy ^  cbap.  viii.  Karl  Marx,  Oapital,  vol.  iii<y 
chap.  44. 

'  BuUeUn  No,  5S7,  U.  8.  Qeologieal  Survey  (1913). 
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The  unearned  increment  that  Mr.  Chance  diflcuBses  on  p.  1318 
does  not  ordinarily  afiect  coal  prices,  since  all  trae  land  rent  or  roy- 
alty is  individually  unearned  and  arises  solely  from  productive  or 
marketing  advantages  which  valuable  coal  land  possesses  beyond 
those  of  marginal  coal  land.  The  enhanced  prices  secured  for  those 
<soals  whose  marginal  lands  have  been  cornered  permits,  it  is  true, 
the  collection  of  a  correspondingly  larger  royalty  by  the  land  owner, 
but  this  extra  monopolistic  royalty  is  no  more  unearned  than  the 
original  competitive  royalty,  the  former  merely  increasing  by  business 
artifice  the  natural  difierence  in  productive  advantages. 

On  p.  49  of  Bulletin  No.  537,  U.  S.  Geological  Survey,  is  the 
43tatement : 

"  It  would  be  a  long  step  backward  to  return  to  the  early  policy  of 
using  the  public  lands  as  a  means  of  Federal  revenue,  and  any  lease 
law  enacted  should  be  so  framed  as  to  encourage  development,  pro- 
hibit speculation,  and  add  nothing  to  the  cost  of  the  resource  to  the 
<;onsumer." 

This  sentence  seems  self-contradictory,  for  any  Federal  land  rent 
which  did  not  absorb  more  than  the  natural  competitive  royalty  on 
the  coal  output  could  not  afiect  the  consumer,  whatever  its  aggregate 
addition  to  the  revenue.  Within  this  limit,  the  larger  the  land  rent 
the  less  left  for  the  speculator's  share  of  the  unearned  increment  and 
oonsequently  the  less  hindrance  to  legitimate  development  by  specu- 
lators. 

It  is  an  established  canon  of  taxation  that  taxes  on  commodities 
increase  their  prices,^  while  it  is  only  taxes  on  the  residual  factor  in 
production  or  land  rent  that  cannot  be  shifted  to  the  consumer.  Ex- 
cluding artificial  monopoly  and  under  normal  competitive  conditions, 
the  only  individually-unearned  increment  is  found  in  land  rent  Being 
individually  unearned,  land  rent  must  be  earned  socially ^  and  as  it 
fluctuates  in  quantity  with  industrial  activity  and  the  consequent 
necessary  cost  of  government,  it  forms  the  natural  source  of  public 
revenue  for  a  democratic  nation.* 

Thus  ^^  the  long  step  backward  of  using  public  lands  as  a  means 
of  Federal  revenue  "  seems  a  return  to  sanity  from  the  long  night- 
mare of  Federal  indirect  taxation  on  the  consumer,  which  has  been 
so  largely  responsible  for  the  reckless  extravagance  of  the  Congress 
and  for  the  creation  of  so  many  unearned  fortunes  for  the  recipients 
of  Federal  land  bounties. 

Personally,  I  deem  the  leasing  system  more  desirable  than  the  sale 

*  Lawaon  Purdj :  Local  TaxaHon.     J.  K  Symes :  PoliHcal  JSSnmomy,  chap.  xtL 

*  Henry  Qeorge :  Our  Land  and  Land  Policy, 
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of  Federal  coal  land  even  at  the  present  enhanced  vala^s.  Leasing 
is  more  favorable  for  the  small  operator,  since  it  saves  him  any  initial 
investment  in  land.  It  better  conserves  both  life  and  natural  re- 
soorces,  for  it  gives  the  government  a  closer  control  of  the  method  of 
exploitation.  Lastly,  it  gives  ultimately  a  much  larger  Federal  reve- 
nue, without  affecting  either  consumer  or  working  operator,  as  evi- 
denced  by  the  basis  of  land- value  calculation  on  pp.  81  and  82  of 
Btdletin  No.  587. 

This  royalty  basis,  of  only  lea  ton  for  a  6-ft.  vein  of  coal  of  12,500 
B.tu.,  is  stated  to  be  but  ^'  one-tenth  the  assumed  average  royalty 
rate  "  for  privately-owned  coal.  This  is  done  "  in  order  to  give  the 
prospective  buyer  an  ample  margin  of  safety."  But  is  the  govern- 
ment so  hard  up  that  it  need  thus  sell  for  cash  its  coal  resources  at 
one-tenth  of  their  leasehold  value  ?  The  above  ^^  ample  margin  of 
safety"  means  undoubtedly,  in  many  cases,  an  ample  margin  for 
speculative  profit  also.  Lands  requiring  an  expensive  equipment  can 
be  leased  in  large  areas  and  on  long  terms  to  protect  the  operator, 
while  retaining  for  the  nation  their  full  rental  value  by  arranging  for 
royalty  payments  on  a  sliding  scale,  adjustable  to  future  changes  in 
productive  and  market  conditions. 


The  Precipitation  of  Copper  from  the  Mine  Waters  of  the 

Butte  District. 

Ducoflsion  of  the  paper  of  J.  C.  Febles,  presented  at  the  Butte  meeting,  August,  1913, 
and  printed  in  BvUetin  No.  79,  July,  1913,  pp.  1267  to  1283. 

J.  W.  Richards,  South  Bethlehem,  Pa. : — ^In  looking  at  these  pre- 
cipitating launders  the  idea  has  come  to  me  that  the  iron  could  prob- 
ably be  kept  much  cleaner  if  there  were  laid  on  the  bottom  of  the 
launders  some  sheet  copper,  with  which  the  iron  would  be  in  contact, 
and  as  the  solution  passed  over  the  tendency  would  be  to  precipitate 
the  copper  on  the  sheet  copper  and  thus  keep  the  iron  cleaner 
than  it  is  under  present  conditions.  As  soon  as  a  piece  of  iron  be- 
comes coated  with  copper  its  surface  becomes  inactive,  and  the  pres- 
ence of  a  sheet  of  copper  in  electrical  contact  with  the  iron  would 
tend  to  precipitate  the  copper  on  the  sheet  copper  and  to  keep  the 
iron  clean. 


Mills  V8.  Chilean  Mills. 


Diacnision  of  the  paper  of  Bobert  Fnnke,  presented  at  the  Batte  meeting,  Angost,  1913^ 
and  printed  in  BuUelin  No.  79,  Jalj,  1913,  pp.  1201  to  1208. 

Arthur  0.  Gates,  Lafayette,  Ind.  (communicAtion  to  the  Secre- 
tary*) : — ^In  connection  with  the  comparison  of  mechanical  crashing 
efficiencies  in  Tables  I  and  II  of  Mr.  Franke's  paper,  I  wish  to  saggest 
a  somewhat  simpler  way  of  making  thisxomparison,  based  upon  what 
the  writer  has  called  the  ^^  crashing-surface  diagram,"  as  published  hj 
him  in  the  Engineering  and  Mining  Journal  for  May  24, 1913.  Saoh  a 
diagram,  based  on  the  data  given  in  Table  11,  is  submitted  herewith, 
Fig.  1,  cumulative  percentages  being  plotted  as  abscissae  and  recipro- 
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RECIPROCAL  DIAMETERS  (THEORETICAL  MESH- PER  INCH.) 

Fio.  1.— Gbushino  EFFiciENons  of  HARDnroE  akd  Chilean  Muxb,  Plottbd  ok 

Cbushikg-Subfacb  Diaqbam. 

cals  of  diameters  (theoretical  mesh  per  inch)  plotted  as  ordinates. 
Such  a  diagram  averages  the  diameters  without  calculation,  and 
areas  upon  it  are  proportional  to  surface  produced,  and,  in  accord- 
ance with  Rittinger*s  law,  to  energy  spent  on  crushing  alone. 

The  Chilean  mill  diagram  has  been  superimposed  upon  that  of  the 
Hardinge  mill,  the  excess  area  of  the  latter  measuring  the  excess  of 
work  done,  based  upon  equal  capacity.  Measuring  these  areas  up  to 
200  mesh  (reciprocal  888),  and  multiplying  by  the  tons  per  horse- 

*  Beoeived  Aug.  8,  1913. 
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power  day,  the  writer  gets  a  prodaction  of  392  mesh-tons  per  horse- 
power day  for  the  Chilean  mill,  and  478  mesh-tons  per  horse-power 
day  for  the  Hardinge,  an  increase  of  some  22  per  cent,  in  favor  of  the 
Hardioge.  (The  term  meshrton  represents  the  increased  surface  pro- 
daced  by  crashing  all  particles  of  a  ton  of  rock  to  a  diameter  whose 
reciprocal  is  one  greater  than  in  its  previous  condition.  Diameter 
should  be  in  inches,  although  of  course  this  can  be  adapted  to  other 
units.  For  example,  a  ton  of  evenly  sized  pieces  1  in.  in  diameter 
would  have  1  mesh-ton  of  surface;  a  ton  of  similar  pieces  just  passing 
a  hole  0.01  in.,  and  retained  on  a  screen  with  holes  the  reciprocal  of 
whose  diameter  was  101,  would  have  100  mesh-tons  of  surface;  the 
difference  between  two  lots  of  1  ton  each,  whose  diameter  reciprocals 
were  respectively  99  and  100,  is  1  mesh-ton.) 

While  the  22  per  cent,  in  favor  of  the  Hardinge  mill  checks  with 
Mr.  Franke's  results,  I  wish  to  question  his  adoption  of  the  value  400 
as  the  reciprocal  of  average  size  of  the  material  passing  the  200-mesh 
sieve.  From  the  way  the  curve  of  products  is  running  (in  the  plotted 
crushing-surface  diagram)  there  is  every  indication  that  there  is  1,000 
and  10,000  reciprocal  (theoretrical  mesh)  material  present,  so  of  course 
the  average  size  is  very  much  smaller  than  he  has  indicated.  The  field 
beyond  200  mesh  (ordinary  screen)  has  been  so  little  explored  that  it 
would  seem  advisable  to  limit  calculations  on  efficiencies  to  the  plus 
200-mesh  sizes. 

If  the  results  of  Mr.  Franke's  sizing  analysis  in  Table  IE  are  plotted 
on  logarithmic  paper  instead  of  on  the  crushing-surface  diagram,  the 
last  few  points  will  be  found  in  a  straight  line  for  both  machines,  with 
this  difierence :  the  Hardinge  line  is  steeper  than  the  Chilean  line,  as 
shown  in  Fig.  2.  I  have  found  similar  straight  lines  as  a  result  of 
plotting  other  results,  indicating  a  law  by  means  of  which  the  minus 
200-mesh  material  may  be  studied.  It  will  be  sufficient  to  state  here 
that  the  straight  line  indicates  a  hyperbola  for  the  screen  analysis 
plotted  reciprocals  against  weights  or  percentages  as  in  the  crushing- 
surface  diagram,  and  further,  that  the  steeper  line  on  the  logarithmic 
plotting  indicates  the  more  efficient  work. 

In  spite  of  the  commercial  success  of  the  Hardinge  mill,  and  the 
increased  economic  results  accomplished  by  its  introduction  into  con- 
centrating mills,  I  wish  to  criticize  the  statements  that,  as  in  this 
paper,  are  so  frequently  made  as  to  the  value  of  the  cone,  its  segre- 
gating action  on  the  pulp,  and  the  graduation  of  forces,  intensities  of 
energy,  or  inertia  so  that  each  particle  gets  just  the  right  blow.  I 
have  never  seen  any  published  results  of  screen  analyses  of  material 
taken  at  different  points  along  the  cone,  and  I  do  not  think  screen 
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analyseB  takes  at  these  points  will  bear  out  the  claims  made  for  this 
feature. 

Asalyzing  the  mill  on  the  asBumption  that  the  greatest  diameter  is 
to  produce  the  greatest  effect  in  crushing,  we  find  that  the  weight  of 
crushing  pebbles  is  proportional  to  the  square  of  the  diameter  (ma- 
chine half  full);  that  the  energy  per  unit  pebble  weight  ia  something 
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nearer  the  square  than  the  first  power  of  the  diameter;  and  that  the 
velocity  with  which  the  ore  or  pulp  being  crushed  passes  through  the 
mill  is  inversely  proportional  to  the  square  of  the  diameter.  The  result 
is  that  the  energy  applied  per  pound  of  pulp  at  various  points  along  the 
cone  is  inversely  proportional  to  about  the  sixth  power  of  the  diameter. 
This  means  that  half  way  toward  the  apex  of  the  cone,  only  1/64  as  moeh 
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work  is  done  as  at  the  cylindrical  portion,  while  three-fourths  of  the 
way  toward  the  apex,  only  1/4000  is  done.  This  means  that  the 
energy  applied  along  the  cone  is  so  small  that  the  force  exerted  by 
the  falling  or  rolling  pebbles  is  not  sufficient  to  break  the  coarser  par- 
ticles, with  the  result  that  the  work  in  the  cone  is  largely  done  on  the 
fines !     This  is  as  logical  as  the  generally  accepted  explanation. 

Bat  the  Hardinge  mill  is  not  ran  at  such  speeds  that  the  effect  of 
the  large  diameter  is  obtained ;  it  runs  at  such,  a  speed  (750  ft.  per 
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Yv^,  8. — AcTTV^E  AiTD  Dead  Zonbb  in  the  Habdinge  Mill. 

minute  peripheral  speed  or  the  8-ft  diameter  size,  according  to  Mr» 
Hardinge  ^)  that  centrifugal  force  at  the  periphery  is  about  1.2  time& 
that  of  gravity  and  therefore  at  least  one  layer  of  pebbles  in  the 
periphery  is  useless  except  for  the  purposes  of  lining.  For  at  least  a 
foot  in,  the  possible  fall  of  the  pebbles  is  so  slight  as  to  be  valueless 
for  crashing.  The  result  is,  neglecting  part  of  the  apex  of  the  cone 
where  the  energy  is  too  small  to  be  effective,  the  Hardinge  mill 

»  BvJUMn,  No.  75,  May,  1913,  p.  460. 
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resolves  itself  automatically  into  a  short  tabe  mill,  the  8-ft.  size  pro- 
dacing  about  the  same  effect  as  a  5  by  5  or  6  by  6  ft  tube  mill,  as  in 
Fig.  3. 

Perhaps  I  am  like  the  sailor's  mother  who  could  credit  his  story 
about  the  mermaids,  but  refused  to  believe  what  he  told  her  about  the 
flying  fish.  The  segregation  of  the  pebbles  is  entirely  reasonable,  the 
survival  of  the  most  energetic,  but  how  can  the  fines  separate  them- 
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Fig.  4. — Diaobammatic  REPRsasNTATioN  of  thb  Action  in  a  Tube  Mill. 

selves  from  the  coarse  in  the  turmoil  taking  place  within  the  crushing 
zone  ?  The  particle  has  got  to  go  where  it  is  knocked,  the  agitation 
is  too  great  for  it  to  follow  any  laws  of  classification,  and  it  with  the 
others  passes  through  by  displacement  and  chance,  perhaps  getting 
through  without  being  hit  at  all ;  or  again,  a  single  particle  in  the  final 
pulp  may  be  the  result  of  perhaps  a  hundred  blows. 

In  Figs.  4  and  5  are  plotted  some  graphical  results  of  calculation  of 
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what  goes  on  inside  a  tube  mill,  particularly  of  the  Hardinge  type. 
The  concentric  circles  in  Fig.  4  represent  planes  through  the  cone. 
The  velocity  of  each  of  these  circles,  based  on  29.75  rev.  per  minute, 
is  indicated  in  the  lower  right-hand  quadrant.  Applying  the  princi- 
ples of  mechanics,  it  will  be  found  that  pebbles  will  become  free  to 
fall  when  reaching  the  half-circle  drawn  in  the  upper  right-hand  quad- 
rant, going  up,  and  their  paths  from  that  time  on  will  without  inter- 
ference follow  the  paths  Pj,  P^,  Pg,  etc.  Centrifugal  force  is  too  great 
on  the  outer  ring  of  pebbles  to  let  them  move.     Supposing  pebbles  to 
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Fig.  5. — Curves  of  Energy,  Pebble  Weight,  and  Flow  of  Pulp. 

leave  this  half-circle  along  each  of  the  concentric  circles  at  the  same 
time,  lines  of  equal  interval  of  time  have  been  drawn  so  that  one  may 
judge  velocities.  I  have  not  attempted  to  locate  the  landing  place  of 
the  pebbles  very  accurately,  although  I  have  shown  possible  landing 
places  by  curved  lines  across  the  path  lines.  When  these  landing 
places  are  located  properly  the  resultant  velocity  can  be  determined 
^aphically,  energy  then  being  proportional  to  the  square  of  the 
velocity. 
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In  Fig.  5  are  plotted  away  from  the  horizontal  axis  of  the  mill, 
weights  and  energy  available  per  foot  of  length,  for  different  positions 
along  the  length  of  the  mill,  and  below,  the  rate  of  flow  of  pulp 
through  the  mill,  and  the  energy  per  pound  of  pulp  imparted  by  the 
action  of  the  pebbles.  The  curves  are  plotted  to  relative  units,  not 
absolute. 

I  predict  that  the  fine-crushing  machine  of  the  future  concentrating 
mill  will  be  a  short  tube  mill,  followed  by  an  efficient  sizer  to  remove 
more  of  the  fine  material  than  is  done  at  present,  and  followed  bj  a 
second  short  tube  mill.  And  by  short  tube  mill  I  mean  short,  1  or 
2  ft.  long,  and  perhaps  of  large  diameter,  the  pulp  traveling  through 
it  rapidly  so  that  the  fines  are  not  subjected  to  repeated  crushing. 

The  great  advantage  of  the  Hardinge  mill  is  in  its  simplicity,  reli- 
ability, and  low  operating  charges,  as  Mr.  Franke  has  so  clearly  shown. 
and  most  operators  are  interested  most  in  these  features.  His  com- 
parison of  efficiencies  is  one  of  the  first  real  quantitative  eomparisonji 
made  in  this  country.  It  is  my  opinion  that  the  day  is  coming  when 
such  comparisons  of  efficiency  will  be  made  from  day  to  day  in  our 
milling  plants,  just  as  in  the  power  plant  indicator  cards  are  taken 
and  worked  up  at  frequent  intervals. 


Notes  on  the  Great  Falls  Electrolytic  Plant. 

Ducussion  of  the  paper  of  Willis  T.  Burns,  presented  at  the  Batte  meeting,  August^  1913, 
and  printed  in  Bulletin  No.  SO,  August,  1913,  pp.  2011  to  2049. 

Prof.  Joseph  W.  Richards,  South  Bethlehem,  Pa. : — I  think  Mr. 
Burns  spoke  of  two  unusual  conditions  which  he  has  at  his  plant, 
namely,  that  he  uses  directly  converter  anodes  and  very  high  current 
density.  He  did  not  mention  another  condition :  the  very  low  cost  of 
power,  which  circumstance,  I  believe,  is  responsible  for  some  of  the 
peculiarities  of  his  plant  noticed  by  us  from  the  East.  I  am  struck 
by  the  rather  low  ampere  efficiency  which  Mr.  Burns  obtains,  and  in 
looking  over  the  plant  thought  that  there  was  a  considerable  leakage 
from  one  tank  to  the  other,  and  that  the  ampere  efficiency  could  be 
increased  by  looking  after  the  leakage  of  electricity  from  one  tank  to 
the  other. 


Roasting  and  Leaching  Tailings  at  Anaconda,  Mont. 

Disco8ai4n  of  the  paper  of  Frederick  Laist,  preseoted  at  the  Butte  meeting,  August,  1913, 
and  printed  in  Bulletin  No.  79,  Jalj,  1913,  pp.  1147  to  1162. 

J.  C.  Dick,  Salt  Lake  City,  Utah  : — I  would  like  to  ask  Mr.  Laiat 
why  a  10  per  cent,  salt  solution  was  used. 

Mb.  Laist  : — The  reason  for  using  salt  in  the  solution  is  to  get  the 
sulphur.  The  solution  of  dilute  sulphuric  acid  has  no  solvent  action 
on  the  sulphur  even  after  roasting,  and  the  addition  of  the  salt  is 
made  primarily  to  dissolve  the  sulphur  chlorides. 

Mr.  Dick  : — ^I  would  like  to  ask  also  if  you  made  any  experiments 
a3  to  grinding  fine  your  calcines,  rather  than  leaving  the  coarse 
material. 

Mr.  Laist  : — We  have  not  made  any  experiments  along  those  lines 
except  in  the  laboratory,  but  the  objections  which  we  have  to  grind- 
ing are  that  the  difficulties  of  roasting  are  very  much  greater  when 
roasting  finely  ground  material  than  when  roasting  coarse  material, 
and  the  difficulties  of  leaching  are  somewhat  increased;  the  per- 
colating system  is  simpler  and  easier  to  manipulate,  particularly  when 
acid  solutions  are  used,  so  that  we  prefer  from  our  experience  not  to 
grind. 

Stuart  Croasdalb,*  Denver,  Colo,  (communication  to  the  Secre- 
tary t) : — In  order  to  meet  the  conditions  involved  in  his  ore-treat- 
ment problem,  Mr.  Laist  has  developed  a  very  interesting  and  appar- 
ently successful  metallurgical  hybrid  which  he  calls  the  oxychloridiz- 
ing  roast.  The  lower  floors  of  the  MacDougall  furnaces  are  made 
to  accomplish  what  used  to  be  done  on  the  "cooling  floor''  in  the 
old  days  of  salt  roasting  and  "  hypo  "  or  brine  leaching  of  silver  ores. 

His  experience  with  the  straight  chloridizing  roast  recalls  my  own 
experience,  of  10  to  15  years  ago,  while  experimenting  on  the  vola- 
tilization of  metals  as  chlorides.  I  found  that  the  highest  loss  by 
volatilization  occurred  when  the  salt  and  sulphur  were  present  in 
quantities  not  only  to  combine  theoretically  with  each  other  but  also 
with  the  volatile  base  metal,  like  copper  or  lead,  to  form  the  normal 
sulphide  and  chloride  of  that  metal.    For  example,  an  ore  containing 

*  Non-member. 
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2  per  cent,  of  copper,  if  finely  ground  and  roasted  with  1  per  cent,  of 
sulphur  and  4  per  cent,  of  salt,  would  yield  almost  complete  vola^ 
tilization  of  the  copper,  while  if  roasted  with  the  same  amouQt  of 
sulphur  and  2  per  cent,  or  8  or  10  per  cent,  of  salt  the  loss  by  vola- 
tilization would  not  be  nearly  as  high.  The  same  results  would  occur 
if  the  theoretical  amount  of  salt  was  maintained  and  the  quantity  of 
sulphur  was  thrown  out  of  proportion. 

Carbonates,  oxides,  and  silicates  of  copper  could  be  readily  chlorid- 
ized  and  volatilized  by  the  addition  of  sulphur  as  iron  pyrite,  and 
roasting  with  salt.  Sulphide  ores  could  be  roasted  "  dead  "  and  the 
copper  could  be  volatilized  by  adding  the  theoretical  quantity  of  salt 
and  sulphur  and  again  roasting  at  the  proper  temperature.  Chalco- 
cite  and  antimonial  ores  gave  less  loss  by  volatilization  than  chalco- 
pyrite  and  the  higher  sulphides  of  copper. 

Silver  losses  by  volatilization  are  high  if  the  volatile  chlorides  of 
the  base  metals  are  present,  such  as  copper  and  lead.  They  are  also 
much  higher,  at  a  given  temperature,  if  an  excess  of  air  is  admitted 
to  the  furnace  and  the  ore  is  constantly  rabbled,  than  they  are  when 
a  minimum  amount  of  air  is  admitted,  or  the  furnace  is  closed  and 
little  or  no  rabbling  is  done. 

The  volatilization  of  copper  begins  at  a  dull  red  heat,  or  about 
1,200°  F. — ^perhaps  below  this  point. 

In  a  chloridizing  roast,  however,  the  dust  losses  cease  as  soon  as 
chemical  action  begins,  which  is  in  the  neighborhood  of  1,000°  F. 

I  experienced  the  same  difficulty  that  Mr.  Laist  mentioned  in  try- 
ing to  condense  or  collect  copper  chloride  fumes  when  mixed  with 
fire-box  gases.  These  fumes  seem  to  act  much  the  same  as  zinc  vapor 
under  similar  conditions.  I  drove  the  mixed  gases  into  a  condensing 
tower  filled  with  fine  gravel  to  a  height  of  8  ft  and  covered  with  3 
in.  of  sand.  This  was  sprayed  with  an  excess  of  water.  The  copper 
chloride  fumes  came  through  it  all,  perfectly  cold,  but  apparently 
untouched  by  the  water.  I  have  often  thought  that  Dr.  Cottrell 
might  be  able  to  collect  them  electrostatically  when  mixed  with  the 
products  of  combustion,  but  I  have  never  tried  it. 

On  the  other  hand,  if  these  fumes  are  kept  free  from  the  product? 
of  combustion  they  are  readily  condensed  by  ordinary  methods. 

Mr.  Laist  brings  out  another  point  which  I  think  is  very  important 
where  roasting  precedes  the  leaching  of  ore  or  tailings,  and  that  is 
the  formation  of  ferrites.  This  is  particularly  noticeable  in  roasting 
zinc  ores. 

I  am  somewhat  surprised  at  the  comparatively  high  acid  consump- 
tion on  his  roasted  material.  I  presume  this  is  due  to  the  ferrous  and 
basic  salts  of  iron  formed  by  roasting  at  this  temperature. 
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Carbonate  ores  with  a  granitic  or  porphyry  gangue,  that  have  been 
oxidized  in  place  and  in  which  no  leaching  has  occurred,  will  contain 
considerable  soluble  iron  and  alumina.  The  iron  will  usually  pass 
into  solution  as  readily  as  the  copper  and  the  alumina  soon  follows, 
even  in  weak  acid  solutions.  Since  Mr.  Laist  employs  an  oxidizing 
roast  as  a  preliminary  operation,  I  believe  he  would  find  it  advan- 
tageous to  carry  it  to  a  higher  stage  of  oxidation  and  render  the  iron 
and  alumina  more  insoluble.  This  should  not  afiect  the  chloridiza- 
tion  of  silver  in  any  way. 

The  precipitation  with  hydrogen  sulphide  is  an  interesting  develop- 
ment for  the  treatment  of  Anaconda  tailings  and  we  shall  be  glad  to 
watch  its  continued  use  on  a  larger  scale.  At  the  present  time  pre- 
cipitation is  the  most  difficult  part  of  the  leaching  problem  to  solve 
economically,  especially  on  an  Arizona  desert,  where  the  hydromet- 
allurgy  of  copper  is  likely  to  reach  its  greatest  development  in  this 
country. 

W.  McA.  Johnson,  Hartford,  Conn,  (communication  to  the  Sec- 
retary*) : — I  have  read  and  re-read  with  pleasure  Mr.  Laist's  paper  on 
Roasting  and  Leaching  Tailings  at  Anaconda,  Mont.  Mr.  Laist's 
work  has  to  my  mind  a  distinct  practical  and  commercial  bearing  on 
metallurgy  and  on  the  metal  business,  and  so  far  as  my  powers  allow 
me  to  I  wish  to  consider  briefly  this  phase  of  the  subject. 

Having  been  engaged  for  a  considerable  period  in  investigating  new 
processes  for  separating  copper-nickel  matte  for  the  old  Orford  Cop- 
per Co.,  and  later  having  studied  many  processes  for  the  treatment  of 
zinc-lead  ores,  I  have  had,  I  believe,  a  certain  sort  of  special  ex- 
perience in  the  development  of  new  processes. 

The  valuable  part  of  the  knowledge  derived  from  this  experience 
can  be  summed  up  best  as  follows : 

The  ratio  of  the  experimentally  expended  dollar  to  sum  of  the 
profits  made  from  success,  should  it  come,  must  be  a  maximum.  In 
most  cases,  of  course,  this  efficiency  factor  of  the  development  of  a 
new  process  is  zero,  for  most  attempts  fail  and  in  many  successful 
cases  the  amount  of  money  wasted  is  necessarily  large.  For  instance, 
even  Sir  Henry  Bessemer  had  to  build  17  converters  before  his  process 
and  apparatus  were  practicalized.  !N'ow  in  the  last  analysis  all  this 
money  apparently  wasted  in  experimenting  is  a  charge  against  the 
cost  of  making  metal  just  as  the  money  lost  in  prospecting  and  wasted 
in  wild-cat  mining  ventures  is  a  charge  against  the  cost  of  making 
metal.     Parenthetically  let  me  state  that  in  view  of  the  industrial 

*  Received  Sepl.~lO,  1913. 
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absolutism  of  metal  through  modern  civilization  the  price  of  metals 
does  not  average  high  enough  when  we  consider  the  great  amount  of 
honest  efiort  expended  in  finding  mines,  and  new  processes  to  make 
refractory  ores  available,  and  in  the  actual  mining  of  the  ore,  smelt- 
ing, and  refining  the  metallic  products  thereof. 

But  in  Mr.  Laist's  experimental  work,  as  far  as  I  can  judge,  a  great 
deal  of  progress  has  been  made  simply  as  a  result  of  frank  discussion 
and  of  good  counsel,  and  by  the  exercise  of  care  and  foresight;  in 
short,  a  great  deal  of  experimenting  has  been  done  by  talking  and  on 
paper.  For  this  reason  I  think  that  Mr.  Laist's  work  is  greatly  to  be 
commended. 

Let  us  now  consider  his  conclusion  that  the  treatment  of  8  per  cent 
concentrates  is  not  advisable,  but  that  the  process  is  profitable  and 
commercial  on  treating  concentrates  containing  0.5  per  cent,  of  cop- 
per. This  is,  to  my  mind,  in  exact  ajccord  with  a  general  broad 
principle  of  metallurgy  that  a  series  of  processes  or  sub-processes, 
each  performing  its  function  at  a  maximum  efiiciency,  makes  the 
cheapest  final  operation  and,  of  course,  the  cheapest  metal.  For  in- 
stance, in  roasting  copper-nickel  matte  down  from  22  per  cent  of 
sulphur  to  0.02  per  cent  of  sulphur  from  three  to  five  operations  are 
necessary,  each  one  taking  out  the  part  of  the  sulphur  for  which  the 
special  operation  is  best  fitted.  A  simpler  example  of  this  is  the 
crushing  of  ores  in  several  stages  by  crushers,  rolls,  and  fine-grinding 
mills.  If,  therefore,  we  divest  the  question  of  its  non-essentials  and 
regard  only  the  essentials  we  can  see  that  Mr.  Laist's  process  fits  in 
the  general  metallurgy  of  Anaconda  in  a  manner  similar  to  the  wav 
that  the  cyanide  process  fits  into  the  metallurgy  of  gold,  where  part 
of  the  gold  is  collected  by  mercury  in  the  old-fashioned  stamping 
process  and  where  the  product  from  the  stamp  mills  is  concentrated 
and  the  concentrates  sold,  and  finally  where  the  tailings  are  cyanided. 

If  Mr.  Laist's  proposal  can  be  criticized  at  all  it  is  that  the  capital 
cost  of  the  demonstrating  plant  at  Anaconda  seems  much  higher  than 
is  really  necessary  and  that  the  demonstrating  plant  is  "over-de- 
signed." These  are  good  faults  in  new  work  and  such  criticism  can 
well  be  regarded  as  captious.  If  all  the  costs  are  figured  on  the  same 
basis  as  $4  for  60°  B.  sulphuric  acid,  out  of  6  per  cent  dust-free 
SOj  gas,  the  financial  returns  will  be  gratifying,  through  chamber 
acid  would  be  cheaper  and  as  good.  It  also  seems  apparent  that 
some  continuous  process  for  the  leaching  of  the  chloridized  product 
must  be  finally  used  when  the  enormous  tonnages  that  are  rolling  in 
at  the  Anaconda  plant  are  treated.  The  means  for  precipitating  the 
copper  is,  of  course,  susceptible  of  great  improvement. 
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Mj  regard  for  the  work  is  high  and  my  admiration  genuine.  !N^or 
will  any  one  adduce  from  this  discussioa  of  mine  the  argument  that 
because  the  work  has  been  done  cheaply  and  efficiently  copper  should 
sell  for  less  than  16  c.  per  pound. 

R.  C.  Canby,  Miami,  Ariz,  (communication  to  the  Secretary  *) : — 
Mr.  Laist  has  shown  the  economic  possibility  of  roasting  and  leaching 
at  a  figure  which  heretofore  would  have  been  considered  an  impos- 
sibility. Since  having  seen  the  conditions  under  which  he  roasted 
the  5,000  tons  of  tailings  and  having  had  the  benefit  of  his  personal 
description  of  his  work,  I  have  felt  convinced  that  Mr.  Laist  and  the 
Anaconda  Company  have  inaugurated  a  new  era  in  this  branch  of 
work. 

A  comparison  of  the  temperatures  of  the  different  hearths  of  his  No. 
64  MacDougall  roaster  impressed  me  with  the  possibility  of  attaining 
even  greater  fuel  economy  by  adopting  the  practice  of  Messrs.  Soren- 
son  and  Barker^  and  I  have  had  in  mind  trying  a  furnace  with  the 
cast-iron  hearths  above  the  fired  hearth,  so  as  to  gain  the  advantage 
of  the  convection  of  the  heat,  so  that  instead  of  a  difference  of  740° 
F.  between  the  fired  hearth  and  the  one  next  above  it,  they  should 
be  more  nearly  equal.  The  manner  of  construction,  with  reinforced 
concrete  for  the  fired  hearths  and  hearths  below,  with  less  radiation 
from  the  walls  than  from  the  standard  MacDougall  furnace,  would 
seem  ideal. 

There  is  one  point  which  I  hope  will  appear  more  fully  in  the  dis- 
cussion of  Mr.  Laist's  paper,  and  of  Mr.  Wedge's  paper  read  before 
the  Boston  Section,  and  that  is  as  to  how  great  is  the  advantage  of 
the  muffle  type  of  furnace,  which  has  seemed  to  me  prohibitive  in  its 
fuel' requirements.  If  the  heat  upon  the  approaching  hearths  were 
brought  more  nearly  to  1,000°  F.,  the  fired  hearth  would  undoubt- 
edly require  a  less  intense  flame  and  there  would  be  less  danger  of 
forming  copper  ferrite. 

For  using  oil  fuel  upon  such  low-temperature  roasts  I  propose  a 
special  burner  for  maintaining  the  ignition  and  economy  of  combus- 
tion, since  in  the  Southwest  oil  is  the  more  economical  fuel. 

Cast-iron  flukes  were  used  in  cylindrical  roasters  at  the  Argentine 
plant,  roasting  42  per  cent,  sulphur  Congress  concentrates  for  pro- 
ducing SOg  gas  for  the  Hunt  and  Douglas  process,  and  I  found  cast 
iron  gave  better  satisfaction  than  any  other  mode  of  construction. 

*  Received  Aug.  16,  1913. 
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DiscusBion  of  the  paper  of  £.  G.  Woodruff,  presented  at  the  Butte  meeting,  August,  1913, 
and  printed  in  BuUttin  No.  78,  June,  1913,  pp.  1001  to  1010. 

F.  A.  LiNFORTH,  Butte,  Mont. : — I  have  not  had  an  opportunity  of 
reading  this  paper  thoroughly,  but  I  would  like  to  call  attention  to 
the  possible  use  of  the  contours  on  fault  planes.  It  is  obvious  that 
if  the  contours  of  fault  surfaces  can  be  determined,  we  will  be  able 
to  determine  the  axes  of  the  hollows  in  the  fault  surface.  It  seems 
probable,  and  there  are  examples  to  point  to  the  accuracy  of  the 
assumption,  that  the  axes  of  these  hollows  may  be  the  direction  of 
movements  on  the  faults,  and  if  that  is  true  it  will  aid  materially  in 
locating  faulted  ore  bodies  or  the  shoots  of  ore  on  the  opposite  8ide& 
of  faults.  A  few  such  contour  maps  of  faults  have  been  attempted 
on  some  of  the  faults  of  the  Butte  district,  and  those  faults  which  are 
believed  to  have  the  nearly  normal  movement  exhibit  for  the  axes  of 
these  hollows  a  line  nearly  up  and  down  in  the  plane  of  the  fault, 
but  in  those  cases  where  the  throw  is  believed  to  be  nearly  horizontal 
we  iind  that  the  axes  of  the  hollows  are  almost  horizontal  lines.  In 
other  words,  the  movements  on  faults,  I  believe,  would  be  more 
nearly  indicated  by  the  larger  grooves  in  the  fault  surfaces  than  by 
the  small  slickensides  and  minor  hollows  that  are  seen,  so  that  con- 
tour maps  might  be  valuable  in  geology  in  that  way. 

C.  W.  GooDALB,  Butte,  Mont. : — I  received  a  letter  from  Mr.  Wood- 
ruff asking  me  to  take  part  in  the  discussion  of  his  paper,  but  I  have 
not  had  time  to  give  the  paper  any  study.  I  can  certainly  add  my 
opinion  to  that  of  all  the  engineers  here  that  the  topographic  maps 
of  the  government  are  of  great  aid  to  the  engineer.  When  I  visit  a 
new  district,  the  first  thing  I  do  is  to  see  if  that  district  has  been  cov- 
ered by  the  U.  S.  Geological  Survey  and  if  topographic  map  has  been 
issued.  And  I  find  that  some  of  the  younger  engineers  frequently 
come  into  my  ofiice  to  see  if  I  have  such  maps.  I  know  in  some 
cases  the  reports  made  out  by  engineers  contain  copies  of  these  topo- 
graphic maps,  or  clippings  from  them.  I  am  sure  that  the  topo- 
graphic maps  furnished  by  the  government  are  of  very  great  value 
to  our  engineers. 

E.  P.  Mathewson,  Anaconda,  Mont. : — I  would  like  to  express  ray 
appreciation  of  these  maps.  Referring  to  a  matter  that  is  not  strictly 
one  to  come  before  this  audience :   I  had  occasion  recently  to  assiBt 
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in  getting  out  a  toar  book  for  automobilists  for  the  State  of  Montana. 
Montana  is  a  big  State ;  a  great  part  of  it  is  not  surveyed,  and  we 
have  not  county  maps  for  all  the  counties.  The  consequence  is  that 
many  of  our  principal^  roads  in  the  State  of  Montana  are  not  marked 
on  the  maps,  so  we  were  at  a  loss  to  connect  up  some  of  the  main 
highways  on  our  tour  maps,  and  the  thought  was  suggested  that 
possibly  the  topographic  maps  of  the  U.  S.  Geological  Survey  would 
help  us.  We  immediately  sought  out  topographic  maps  covering  the 
districts  in  question,  and  to  our  great  delight  we  found  in  most  in- 
stances the  county  roads  clearly  marked,  and  they  were  entered  on 
our  tour  books. 

E.  W.  Parker,  Washington,  D.  C. : — I  am  not  so  familiar  with  the 
Topographic  Branch  of  the  Survey  as  I  am  with  others,  but  we  have 
with  us  to-day  Mr.  Manning,  who  is  the  Assistant  Director  of  the 
Bureau  of  Mines,  and  I  think  he  can  explain  something  in  regard  to 
that  if  you  can  get  him  on  his  feet. 

Van.  H.  Manning,  Washington,  D.  C. : — ^I  do  not  hesitate  to  get 
on  my  feet,  but  I  know  so  much  about  the  work  of  the  Topographic 
Branch  of  the  Geological  Survey  that  I  hardly  know  where  to  begin. 
I  can,  therefore,  qualify  to  you  as  to  my  ability  to  speak  authorita- 
tively on  this  subject  by  saying  I  was  a  member  of  the  Topographic 
Branch  of  the  Geological  Survey  for  over  20  years.  However,  I  w^ill 
start  by  replying  to  the  inquiry  as  to  why  the  U.  S.  Geological  Sur- 
vey has  not  been  more  liberal  in  the  topographic  mapping  of  the 
United  States.  The  reason  for  this  is  because  Congress  has  not 
made  sufficient  appropriations  to  survey  a  larger  area. 

I  left  the  Geological  Survey  in  1910  and  at  that  time  there  was 
about  33  per  cent,  of  the  total  area  of  the  United  States  surveyed. 
However,  some  of  the  topographic  surveys  covering  this  area  were 
not  up  to  the  present  standard  of  efficiency.  Commenting  upon  the 
statement  that  has  been  made  here  of  the  accuracy  of  those  topo- 
graphic maps  photographed  up  to  a  larger  scale,  I  want  to  say  that  it 
is  not  always  safe  to  make  this  enlargement  by  photography  or  by 
any  other  means,  for  such  enlargements  accentuate  any  error  which 
in  not  appreciable  on  the  smaller  scale  on  which  the  map  has  been 
made.  The  maps  should  be  revised  about  every  10  years,  not  be- 
cause the  topography  will  materially  change,  but  for  the  purpose  of 
adding  the  culture,  such  as  roads,  houses,  etc.,  from  time  to  time. 

The  Geological  Survey  is  making  better  topographic  maps  to-day 
than  it  ever  has  before  and  the  cost  of  making  these  maps  is  increas- 
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ing.  In  the  early  history  of  the  Survey  the  cost  of  making  these 
maps  amounted  to  from  f  2  to  f  8  per  square  mile,  and  to-day  it  costs 
from  f  20  upward  for  mining  districts,  the  cost  per  square  mile  de- 
pending on  the  scale  of  the  map  and  the  character  of  the  topography. 

Mr.  Mathbwson  : — ^Is  it  not  true  that  the  Survey  has  given  partic- 
ular attention  to  the  large  mineral  districts  ? 

Mr.  Manning: — ^Yes  sir,  and  I  may  add,  for  the  information  of  the 
mining  engineers,  the  government  has  done  away  with  the  old  con- 
tract system  of  land  or  rectangular  surveys.  Under  the  present 
system  of  having  the  work  done  by  employees  of  the  government 
working  upon  an  annual  salary  basis  these  surveys  are  accurate  and 
all  fraudulent  errors  are  thereby  eliminated. 

During  my  connection  with  the  Geological  Survey,  I  worked  for  a 
great  many  years  in  the  public  land  States,  and  the  locating  of  section 
corners  set  by  contracts  was  in  many  areas  a  difficult  thing  to  do.  It 
was  not  always  that  I  could  find  that  a  mile  was  a  mile  square.  We 
of  the  Geological  Survey  tried  to  help  you  all  we  could  in  locating 
these  corners  accurately  on  the  topographic  maps,  but  we  could  not 
always  locate  the  corners.  Sometimes  we  thought  we  had  them  in 
their  relative  position,  but  the  corners  had  either  been  moved  by 
somebody,  or  they  had  been  improperly  set  by  the  surveyor.  The 
policy  of  the  government  is  to  give  you  a  good  survey,  and  a  proper 
co-ordination  of  the  topographic  surveys  by  the  Geological  Survey 
and  the  rectangular  surveys  by  the  United  States  Land  Office  will 
bring  about  an  improved  condition  both  in  accuracy  and  in  economy. 

John  Gillie,  Butte,  Mont. : — ^I  would  like  to  commend  the  Geolo- 
gical Survey  for  the  great  assistance  it  has  rendered  the  mining  engi- 
neers in  the  West.  Having  been  located  here  for  more  than  33 
years,  I  have  seen  the  start  of  it,  and  have  been  acquainted  with 
many  of  the  men  who  actually  made  the  surveys.  Also,  I  found  the 
Director  of  the  Survey  has  always  been  anxious  to  co-operate  with  the 
engineers  in  the  localities  and  accept  their  suggestions  as  to  the  im- 
portance of  carrying  on  any  particular  piece  of  work  first.  For  that 
reason  we  have  been  enabled  in  Montana  to  secure  quite  a  lot  of 
topographic  work.  The  districts  like  Butte,  Helena,  Philipsburg, 
Boulder,  and  others  have  been  quite  important  in  a  mining  way  at 
different  times,  and  upon  our  joint  request  we  have  always  found  the 
Survey  courteous,  and  they  have  carried  on  good  work.  Mr.  Mathew- 
son  and  Mr.  Goodale  are  familiar  with  an  instance  that  happened  in 
my  own  private  practice  a  number  of  years  ago  in  regard  to  the  lost 
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comers  that  Mr.  Manning  spoke  of.  A  homestead  locator,  about  12 
miles  east  of  Butte,  in  Elk  Park  district,  was  desirous  of  knowing 
the  location  of  his  farm  corners — his  160  acres.  The  public  surveys 
in  this  locality  were  quite  limited  at  that  time,  and  it  was  often  neces- 
sary, if  you  did  not  know  the  location  of  the  corners,  to  go  a  long 
distance  to  start  from  in  order  to  identify  the  particular  section. 
Upon  applying  at  the  9ffice  we  made  an  appointment,  and  I  suggested 
that  he  look  up  a  corner,  the  nearest  one  that  he  could  find,  that  we 
could  start  from.  He  said :  ^^  I  have  always  known  that  that  would 
be  useful,  and  I  have  a  corner  carefully  established."  So,  in  a  few 
days  I  went  out  there  by  appointment,  and  upon  unhitching  the  team 
I  asked  if  he  could  show  me  the  corner  he  had  located,  and  he  said 
"  Yes,"  and  he  took  me  up  to  his  cabin,  and  pulled  down  a  4  by  4 
post  which  he  had  carefully  stowed  away  in  the  rafters  of  his  cabin 
and  properly  marked.  I  said,  "I  don't  want  the  actual  corner; 
where  was  the  actual  corner  ? "  and  he  said  it  was  down  in  the 
meadow  there  somewhere;  that  he  did  not  know  exactly  where. 
That  is  the  idea  some  of  them  have.  A  few  days  ago  I  was  out  in 
the  Swan  River  country,  in  which  the  General  Land  Office  is  extend- 
ing its  surveys,  and  on  the  trail  I  passed  about  10  or  15  pack  horses 
loaded  with  the  present  type  of  corner  that  the  government  is  now 
establishing  in  the  heavy  timber,  where  it  is  likely  to  be  destroyed 
by  fire.  These  are  metal  posts  with  turned  ends,  and  after  seeing 
them  planted  I  am  certainly  very  much  in  favor  of  the  government 
carrying  on  its  own  survey  work. 

Mortimer  A.  Sbars,  Denver,  Colo,  (communication  to  the  Secre- 
tary *) : — Mr.  Woodruff's  contribution  calls  to  mind  the  excellent 
paper  ^  on  The  Application  of  Descriptive  Geometry  to  Mining  Prob- 
lems, by  Joseph  W.  Roe.  The  latter  paper  shows  in  detail  and  by 
specific  problems  how  topographic  and  structural  contour  maps  may 
be  used  in  practice. 

The  writer  is  in  almost  constant  use  of  topographic  sheets  pub- 
lished by  the  U.  S.  Geological  Survey,  and  has  found  them  of  the 
greatest  value.  However,  these  maps  should  be  used  with  caution, 
owing  to  the  fact  that  formerly  they  were  referred  to  an  astronomic 
base  and  not  sectionalized.  Therefore,  because  of  the  notoriously 
bad  condition  of  the  public  land  surveys,  it  is  difficult  to  correlate  a 
definite  point  on  the  map  with  a  certain  definite  point  on  the  ground, 
the  tendency  being  to  assume  a  regularity  of  network  which  is  far 
from  correct.     At  the  present  time  the  topographic  sheets  are  based 

*  Receive*!  July  16,  1913^ 
1   Trans.,  xli,  512  to  633  (1910). 
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upon  a  survey  no  less  correct,  but  the  government  corners  are  tied  in 
as  they  are  found,  so  that  the  maps  are  much  more  satisfactory  for 
quick  reference.  Also,  in  finding  one's  way  about  in  an  unfamiliar 
region  it  is  well  to  bear  in  mind  that  some  of  the  maps  were  pub- 
lished so  long  ago  that  many  of  the  roads  shown  have  now  fallen 
into  disuse  or  have  been  washed  away. 

In  figuring  drainage  area  the  topographic  sheets  furnish  an  accu- 
rate and  speedy  basis  for  computations,  especially  when  a  planimeter 
is  used,  and  Mr.  Woodruff  has  very  properly  laid  considerable  stress 
on  this  point. 

In  attempting  to  determine  the  line  of  outcrop  where  there  are 
few  exposures  and  where  one  must  frequently  rely  upon  the  records 
of  deep  wells  a  vast  amount  of  work  may  be  eliminated  through  a 
proper  use  of  the  maps. 


Shaft-Sinking  Methods  of  Butte. 

Discuffiion  of  the  paper  of  Norman  B.  Bralj,  presented  at  the  Butte  meeting,  August.  1913^ 
and  printed  in  BxdUtin  No.  80,  August,  1913,  pp.  1881  to  1906. 

George  A.  Packard,  Butte,  Mont. : — ^I  would  like  to  ^wk  Mr.  Braly 
if  he  has  any  information  as  to  the  relative  efficiency  of  the  sinking 
pump,  using  it  as  he  refers  to  it,  discharging  the  exhaust  into  the 
water  column  or  otherwise. 

Mr.  Braly  : — ^I  have  never  gathered  any  information  on  that  point 
It  is  a  question  of  getting  the  work  done.  In  driving  the  shaft,  using 
that  method,  we  find  it  easier  on  the  men  and  everything  else. 
In  the  bottom  of  the  shaft,  if  you  exhaust  back  into  your  column,  it 
is  a  quiet  shaft.  Another  thing  is  the  freezing :  if  you  are  sinking 
with  air  in  your  pump,  you  will  find  it  is  liable  to  freeze,  and  in 
that  case  as  the  air  is  still  under  compression  it  will  not  freeze  the 
pump.  The  difference  is  very  small  if  there  is  any.  But,  as  might 
be  expected,  the  pump  is  a  little  less  efficient  when  exhausting  the 
air  into  the  column. 

Mr.  Packard  : — I  suppose  all  of  us  know  what  a  pump  in  the 
bottom  of  the  shaft  is.  My  experience  has  been,  although  I  have  no 
figures,  that  the  capacity  of  a  pump  is  quite  considerably  decreaeed 
if  you  are  pumping,  say,  from  a  depth  of  200  ft.  through  a  No.  7 
Knowles  pump,  when  you  exhaust  the  air  into  a  column,  but,  on  the 
other  hand,  it  is  also  my  impression  that  we  can  raise  the  water  to  a 
little  greater  distance.  I  would  like  to  get  some  figures  from  some- 
body who  has  made  actual  tests. 


The  Reducibility  of  Bffetallic  Oxides  as  Affected  by  Heat 

Treatment. 

Diacuaslon  of  the  paper  of  Woolsej  McA.  Johnson,  presented  at  the  Batte  meeting,  August, 
1913,  and  printed  in  BuUelin  No.  79,  July,  1913,  pp.  1137  to  1145. 

F.  L.  Grammbr,  Leesbarg,  Va.  (communication  to  the  Secre- 
tary*):— Mr.   Johnson's   paper  must  interest  by  suggestion  those 

connected  with  the  "  burning "  of  lime,  the  production  of  cement, 
and  the  smelting  of  iron. 

All  iron  men  know  how  quickly  the  impalpable  purple  ore  of  wet 
origin  reduces  compared  to  finely  ground  red  hematites  of  approxi- 
mately identical  composition  obtained  from  Lake  lump  ores. 

Most  housekeepers  appreciate  that  the  several  forms  of  carbon — 
charcoal,  coke,  and  anthracite,  not  to  include  graphite  and  diamond 
— ^have  different  temperatures  of  ignition.  The  temperature  usually 
rises  with  the  density  and  hardness. 

Some  of  the  scientific  bureaus  of  the  government  might  appro- 
priately conduct  some  testa  along  lines  suggested  by  Mr.  Johnson's 
article.  We  are  unable  to  say  whether  the  topic  lies  within  the 
spheres  of  activity  of  the  Bureau  of  Mines,  the  Bureau  of  Soils  (Agri- 
cultural Department),  the  Geological  Survey,  or  the  Bureau  of  Stand- 
ards. The  calcining  qualities  of  limestone  is  a  topic  too  wide  for 
individual  effort  and  is  of  wide  enough  interest  to  merit  government 
or  State  activity.  It  is  of  interest,  as  aforesaid,  to  burners  of  lime, 
cement  manufacturers,  and  smelters. 

The  chemical  composition  of  a  limestone  does  not  tell  all  the  story 
— ^if  over  1-in.  size  lumps.  The  limestones  of  Annville  and  Myers- 
town,  Pa.,  break  at  a  tap ;  those  on  the  Hudson  above  Poughkeepsie 
act  like  "nigger  heads."  The  manager  of  lime  kilns  near  Lake 
Ohamplain  told  me  his  fuel  consumption  was  high  compared  to  that 
at  other  points.  Yet  the  Hudson  and  Annville  stones  were  both  of 
greatest  purity,  being  rivaled  by  only  the  marble  at  Rutland,  Vt.,  or 
some  stones  near  Martinsburg,  W.  Va.  A  local  kiln  operator  says 
the  conglomerate  or  pudding  limestones  of  Loudoun  county,  Va.,  act 
very  differently  in  the  kiln  from  the  more  normal  limestone  deposits 
nearby.  The  tilted  and  twisted  bedding  in  the  anthracite  region  tells 
the  story  of  hard  coal  origin.  We  might  therefore  expect  that  the 
limestones  of   greater   geological    age  or  depth  or  metamorphism 

*  Received  Aug.  9,  1913. 
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(which  are  usaallj  those  most  salted  for  building  and  ballast)  would 
be  least  easily  calcined. 

Heretofore  these  practical  differences  recognized  by  the  man  who 
swings  the  sledge  have  been  shown  chiefly  in  repair  items  on  the 
crusher.  They  would  be  more  properly  expressed  in  temperatures 
and  heat  units.  But  the  calcination  should  be  complete  to  make  the 
comparisons  of  value.  Manganese  ores  lose  their  first  40  or  50  per 
cent,  of  oxygen  more  readily  than  iron  ores,  but  the  final  elimination 
is  accomplished  by  a  much  larger  expenditure  of  heat. 

Often  hardness  and  specific  gravity  will  afford  adequate  indices  of 
the  refractory  qualities  of  ore  and  stone.  Every  one  appreciates  that 
hard  and  heavy  magnetites  (usually  attributed  to  igneous  origin)  are 
more  refractory  than  hematites  of  water  origin. 

In  handling  a  highly  sulphurous  roasted  magnetite  I  once  noted 
that  if  low  sulphur  in  pig  iron  were  the  chief  aim  the  very  pure  soft 
Annville  limestone  was  most  acceptable,  but  when  off  casts  were  made 
the  loss  through  buckshot  was  much  greater  than  with  a  poorer 
bastard  dolomite  found  in  the  neighborhood.  This  may  not  be  perti- 
nent, but  I  am  not  persuaded  that  the  several  per  cent,  of  magnesia 
made  the  difference  between  the  two  fluxes. 

Many  of  us  have  acted  as  though  the  sole  satellites  of  such  men  as 
Barus,  Arrhenius,  Nernst,  and  Jones  were  the  followers  of  electro- 
metallurgy and  industrial  chemistry.  Physical  chemistry  concerns 
us  also.  The  catalytic  value  of  manganese  in  the  fertilizing  servicear 
bility  of  phosphoric  basic  slags  is  an  appropriate  topic  for  our  papers 
as  well  as  for  the  Transactions  of  other  societies.  Perhaps  we  can 
later  have  other  tests  made  as  to  effect  of  physical  nature  on  chemi- 
cal activity. 

It  is  probable  that  a  given  temperature  and  pressure  of  blast  is  best 
suited  to  each  of  the  several  forms  of  carbon  fuel — charcoal,  coke, 
and  anthracite,  and  this  also  would  be  a  proper  subject  for  govern- 
ment inquiry. 

Certainly  the  electric  furnace  offers  a  means  of  accurate  experiment 
unknown  to  Sir  Lowthian  Bell;  possibly  some  of  his  conclusions 
would  be  altered. 

The  sample  of  fused  lime  mentioned  by  Mr.  Johnson  would  seem 
to  us  to  indicate  that  where  heat  consolidates  and  hardens,  the  second 
state  of  the  substance  is  more  obstinate  to  chemical  change — such  as 
wood  to  charcoal  or  coal  to  coke;  but  where  heat  disperses  and 
opens,  the  second  state  of  the  substance  is  more  amenable  to  change 
by  later  heat  action,  viz.,  ice  melted  to  water,  heating  ore  lumps  to 
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make  friable — expelling   combined  water  and  CO, — making  same 
more  reducible, 

H.  O.  HoFMAN,  Boston,  Mass.  (communication  to  the  Secretary*) : — 
The  formulated  statement  of  the  author  that  in  the  redaction  of 
metallic  oxides,  the  higher  either  of  the  reacting  bodies  is  previously 
heated,  the  higher  is  the  reduction  temperature,  will  strike  home 
with  all  who  have  considered  the  subject  The  fact  is  one  which 
seems  familiar ;  it  required,  however,  the  evidence  furnished  to  make 
it  sure. 

The  data  of  Bell  which  the  author  quotes  serve  as  a  reminder  of 
the  experiments  carried  on  by  Laudig  and  Bachman  in  1896,^  in 
which  they  subjected  various  iron  ores  to  the  reducing  action  of  the 
tunnel-head  gas  of  an  iron  blast  furnace  at  482^  C.  and  noted  the 
reduction  and  carbon  deposition. 

Below  are  given  the  results  of  some  experiments  I  carried  out  with 
an  electric  resistance  furnace  in  connection  with  some  other  work,  in 
order  to  obtain  numerical  data  in  regard  to  the  reduction  of  a  hard 
hematite  by  means  of  several  gaseous  reducing  agents. 

The  furnace  was  a  vertical  alundum  tube  2  in.  in  diameter  and  10 
ID.  long  wound  with  excello  vnre  and  packed  in  magnesia  inclosed  in 
a  sheet-iron  pipe.  In  order  to  protect  the  alundum  against  slagging, 
the  tube  was  lined  with  a  thin  sheet  of  copper.  The  bottom  of  the 
tube  was  closed  by  an  inverted  crucible  with  perforated  bottom  and 
the  joint  made  tight  with  a  litharge-glycerine  cement;  the  top 
was  covered  with  wire  gauze.  The  furnace  was  approximately 
standardized  by  passing  through  the  heating  wire  the  amperes 
necessary  for  obtaining  certain  temperatures.  In  making  the  tests 
the  ore  was  charged  into  the  tube,  the  gas  passed  through,  the  neces- 
sary electric  current  turned  on,  maintained  for  the  desired  time, 
turned  off,  and  the  ore  allowed  to  cool  in  the  gas  current.  The 
treated  ore  was  emptied  on  to  paper  by  tilting  the  tube  and  drawing 
it  back.  This  spread  the  ore  in  the  form  of  a  long  strip,  from  which 
samples  were  taken  for  analysis  from  top,  middle,  and  bottom. 

The  reducing  agents  used  were : 

Marsh  gas,  with  approximately  CH^,  90 ;  H,  8 ;  COj,  2  per  cent.  vol. 

Carbon  monoxide^  practically  pure. 

Boston  illuminating  gas.  Average  composition:  C^Hgn,  15.0;  CH^, 
25.9;  CO,  15.8;  H,  27.9;  CO^,  2.9;  N,  3.0  per  cent.  vol. 

*  Keceived  Sept.  3,  1913. 
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Producer  gas  oi  an  industrial  plant  with  approximately:  CO, 25; 
H,  10 ;  N,  65  per  cent  vol. 

The  metallization  of  iron  was  determined  by  boiling  a  finely 
ground  sample  of  ore  with  a  definite  amount  of  solution  of  bine 
vitriol  of  known  concentration,  filtering,  and  titrating  the  copper  in 
the  filtrate. 

The  results  obtained  are  given  in  the  accompanying  Table  I. 

1.  Marsh  gas  has  practically  no  effect  within  a  range  of  680°  and 
1,000^  C. ;  only  one  of  the  six  tests  made  showed  some  metallization. 

2.  Carbon  monoxide  gave  no  metallic  iron,  as  shortly  after  i^  test 
had  been  begun  the  carbon  deposition  became  so  vigorous  that  the 
passages  between  the  ore  particles  were  choked  with  soot,  and  the 
test  had  to  be  stopped.  If  the  gas  had  been  diluted  with  nitrogen, 
less  carbon  would  have  been  deposited,  and  some  of  the  iron  oxide 
reduced  to  the  metallic  state. 

8.  Boston  illuminating  ga^  shows  a  reduction  of  oxide  between  880° 
and  1,040^  C,  the  two  highest  percentages  of  metallization  being 
57.81  and  64.61  per  cent.  The  C^H^nis  in  part  decomposed  by  heat 
setting  free  carbon;  the  ore,  firm  when  charged,  has  become  friable; 
the  soot,  carbon  monoxide,  and  hydrogen  have  penetrated  the  ore 
more  or  less;  finely  divided  metallic  iron  is  disseminated  through 
unreduced  ore. 

4.  Producer  gas  showed  reduction  of  oxide  in  all  tests  ;  here  agiun 
the  hard  ore  has  become  friable  and  permeated  with  soot  and  with 
powdery  metallic  iron  in  intimate  contact  with  oxide. 

The  results  show  that  the  two  active  gaseous  reducing  agents, 
•carbon  monoxide  and  hydrogen,  reduce  only  in  part  a  hard  hematite, 
as  had  been  shown  for  carbon  monoxide  by  Bell ;  and  that,  irrespec- 
tive of  the  reversibility  of  the  reaction,  the  progress  of  the  reduction 
is  not  simply  a  function  of  temperature  and  time. 
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The  Smelting  of  Copper  Ores  in  the  Electric  Furnace. 

Discaauon  of  the  paper  of  Doraey  A.  Lyon  and  Robert  M.  Keeney,  presented  at  the  Batte 
meeting,  August,  1918,  and  printed  in  Bulletin  No.  80,  August,  1913,  pp.  2117  to  2149. 

C.  D.  Woodward,  Butte,  Mont. : — ^We  constructed  a  small  blast 
furnace,  and  used  first  carbon  electrodes  and  an  alternating  current 
of  about  50  to  76  volts.  We  were  able  to  smelt  the  material  which 
was  fed  to  the  furnace,  but  we  did  not  carry  on  experiments  far  enough 
to  see  just  exactly  what  the  power  consumption  was  and  compare  it 
with  the  amount  of  material  treated.  We  found  that  the  blast  seemed 
to  help  materially  in  reducing  our  charge  and  cutting  down  our  power 
consumption. 

There  were  several  other  experiments  tried  at  the  time,  and  I  do 
not  call  to  mind  now  just  what  they  were.  We  were  trying  to  do 
away  with  the  carbon  electrode  and  replace  it  with  an  iron  one,  and 
it  also  seems  to  me  we  tried  to  use  the  ore  for  an  electrode ;  but  I 
believe  that  the  electric  furnace  in  the  reducing  end  is  simply  a  ques- 
tion of  British  thermal  units  per  kilowatt-hour  compared  with  British 
thermal  units  in  a  pound  of  coke.  Now,  if  a  pound  of  coke  costs  us 
0.5  c.  and  a  kilowatt-hour  costs  us  in  the  neighborhood  of  1.5  c,  I 
think  there  is  a  big  advantage  in  using  coke  instead  of  the  electrical 
current  for  copper  reducing. 

We  tried  steam,  and  a  number  of  other  methods,  to  throw  copper 
down,  but  it  has  been  some  time  ago  and  1  am  not  very  familiar  with 
them  now.  The  outlook  of  the  experiments  did  not  seem  to  be  very 
promising,  and  we  took  it  more  as  a  thermal  problem  than  an  elec- 
trical one. 

Prof.  Joseph  W.  Richards,  South  Bethlehem,  Pa. : — ^Mr.  Wood- 
ward has  spoken  of  the  question  as  a  thermal  problem.  I  would  call 
attention  to  the  fact  that  electric  furnaces  usually  utilize  the  heat  of 
the  electric  current  at  from  four  to  ten  times  the  efficiency  with 
which  the  heat  generated  by  fuel  is  utilized ;  so  it  will  not  do  simply 
to  compare  by  thermal  units  generated.  Your  total  thermal  units 
may  cost  much  less  from  coke  than  from  electricity,  yet  you  will  find 
the  electrically  generated  thermal  units  utilized  in  a  properly  designed 
furnace  from  three  to  ten  times  more  efficiently  than  in  the  com- 
bustion furnace.  You  must  make  that  allowance  is  comparing  the 
cost  of  thermal  units  generated  electrically  and  thermal  units  from 
coke. 
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With  regard  to  the  melting  of  copper  concentrates,  which  Mr.  Lyon 
has  spoken  of,  I  think  it  will  be  found  advisable  to  use  the  reustance 
electric  furnace  for  this  purpose  rather  than  the  arc  furnace  or  the 
induction  furnace.  The  arc  furnace  is  the  one  most  in  use  for  ^tlbel, 
and  the  one  which  Mr.  Lyon  used,  but  there  you  are  troubled  with 
the  volatility  of  copper.  I  think  many  difficulties  can  be  overcome  if 
electro-metallurgists  will  design  a  proper  resistance  furnace  for  cop- 
per which  utilizes  only  the  resistance  of  the  charge  and  uses  no  elec- 
trodes and  no  arc.  By  using  no  arc  you  get  away  from  the  high 
temperatures  which  cause  volatilization,  and  using  no  electrodes  you 
save  money.  I  think  the  resistance  furnace  will  be  found  the  proper 
type  for  most  electric  copper  furnaces. 

Dorset  A.  Lyon  : — In  that  connection  I  will  say  we  operated  the 
furnace  as  a  resistance  furnace ;  we  never  allowed  it  to  strike  an  arc. 
I  quite  agree  with  you  that  where  you  have  an  electrode  you  have 
a  local  high  temperature.  If  you  notice  the  design  given,  the  idea  is 
to  distribute  the  current  as  much  as  possible ;  to  use  large  electrodes 
to  avoid  an  arc.  If  you  could  design  a  furnace  to  have  no  electrodes 
it  would  be  a  great  improvement.  So  far  we  have  not  been  able  to 
do  that. 

C.  D.  Woodward  : — That  brings  to  mind  now  that  we  did  try  a 
resistance  furnace,  and  we  used  iron  electrodes,  and,  as  the  resistance 
of  our  ore  varied  according  to  the  temperature,  the  heat  seemed  to  be 
uncontrollable  in  the  furnace ;  that  is,  it  would  have  required  perhaps 
a  regulating  transformer  in  order  to  hold  the  furnace  down  to  some 
heat  that  would  not  explode  the  machine  after  we  got  a  certain  tem- 
perature on  it.  The  furnace  seemed  to  have  about  the  same  charac- 
teristics as  a  Nernst  lamp,  and,  as  the  sulphur  was  driven  from  the 
ores,  the  resistance  seemed  to  decrease  and  the  flow  of  current  evap- 
orated until  either  the  temperature  of  the  furnace  became  an  incan- 
descent one  or  the  voltage  had  to  be  reduced  and  followed  up  pretty 
closely. 

DoRSBY  A.  Lyon  : — I  think  it  has  been  quite  well  proved  in  the  iron 
industry  that  you  have  to  have  an  invariable  motor  control.  We  start 
with  one  voltage  and  control  the  voltage  to  get  just  what  we  desire  on 
the  furnace.  If  you  try  to  use  variable  voltage  you  will  have  the 
trouble  you  mentioned. 
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W.  MoA.  Johnson,  Hartford,  Conn,  (commanication  to  the  Secre- 
tary *) : — ^The  writer's  experience  has  been  confined  recently  to  the 
electric  smelting  of  complex  zinc  ores.  These  ores  usually  cany  lead 
or  copper  as  by-products.  So  his  experience  will  possibly  throw 
some  light  on  the  subject  so  ably  and  conservatively  treated  by  Mr. 
Lyon  and  also  treated  in  a  manner  calculated  to  advance  the  progreBS 
of  the  art  of  electric  smelting. 

The  first  feature  that  is  startling  is  the  extremely  low  copper  values 
in  the  slags  made  at  the  Hartford  plant  of  the  Continuous  Zinc  Far- 
nace  Cb.  In  the  last  14  months  there  has  been  made  there  some  16.9 
tons  of  slag.  In  our  furnace  there  are  two  tap-holes,  one  for  slag  and 
another  for  copper  matte  and  lead.  Through  the  latter  some  foal 
slag  is  tapped.  An  average  (not,  however,  a  weighted  average  sam- 
ple) sample  of  these  104  taps  of  slag  analyzes  0.065  per  cent,  copper 
(electrolytic  assay  on  5  g.);  0.05  per  cent.  Pb  (wet  assay  on  5  g.); 
0.50  oz.  Ag  on  2  A.  T. ;  0.01  oz.  Au  on  4  A.  T.  Many  of  the  indi- 
vidual analyses  have  been  checked  by  outside  chemists. 

Furthermore,  in  June,  1918,  we  made  an  eight-day  run  on  a  charge 
analyzing  0.48  per  cent.  Cu  and  made  a  matte  analyzing  5.38  per 
cent.  Cu  with  slag  analyzing  0.05  per  cent.  Cu. 

The  conditions  for  the  removal  of  copper,  whether  held  in  slag  as 
copper  silicates  by  chemical  action,  dissolved  as  copper  sulphide  in 
the  slag  by  an  indefinite  chemical  action,  or  held  mechanically  as 
particles  of  matte  in  physical  suspension,  are  well-nigh  ideal  and  can 
be  briefly  summarized  as  follows : 

(1)  A  thinly  liquid  superheated  slag.  Our  slags  will  run  at  1,100^ 
to  1,200^  C,  but  are  tapped  at  1,250°  to  1,850°  C. 

(2)  A  quiet  pool  of  slag  continually  titillated  by  the  60-per-BecoDd 
pulsation  of  the  alternating  current  in  a  manner  similar  to  the  rap- 
ping of  the  assay  crucible  by  the  assayer.  Our  Mr.  E.  N.  Morrill 
pointed  out  to  the  writer  this  point. 

(8)  The  intense  reduction  of  the  smelting  zone  that  is  strong  enough 
to  reduce  600  to  1,000  lb.  of  zinc  oxide  per  ton  of  charge. 

Each  of  the  three  makes  for  a  complete  separation  of  the  copper 
from  slag,  be  it  held  there  originally  by  either  chemical  or  physical 
forces. 

The  above  is  all  based  on  actual  experience  and  on  what  actually 
has  happened.  But  if  we  consider  what  possibly  could  happen,  let 
us  suppose  that  we  have  two  copper  mixes,  one  basic  and  one  acid, 
and  power  at  $0,003  and  soft  coal  at  $8  per  ton. 

Now  run  the  basic  mix  through  a  basic-lined  preheater  fired  with 

*  Received  Sept.  10,  1913. 
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soft  coal  and  mechaDically  operated,  and  run  the  acid  charge  through 
an  acid-lined  preheater  of  the  above  description  and  charge  this  with 
1  per  cent,  of  coal  into  a  furnace  something  like  our  Hartford  fur- 
nace for  smelting  complex  sulphides.  With  the  exothermic  reaction 
of  FeO  and  CaO  on  the  SiO,  and  preheating  to  1,100°  C.  and  smelting 
at  1,300®,  the  power  consumption  per  ton  of  charge  would  be  less 
than  300  kw-hr.  in  a  400-kw.  unit.  The  amount  of  electrode  con- 
Bumed  would  be  certainly  less  than  5  lb.  per  ton  of  charge,  and  with 
an  open-flame  reverberatory  the  coal  for  preheating  would  not  amount 
to  more  than  12.5  per  cent,  of  the  charge. 

Allowing  for  increased  values  of  copper,  silver,  and  gold  recovered 
and  considering  the  wider  range  of  slags  possible,  as  far  as  my  judg- 
ment goes  such  a  procedure  would  have  great  commercial  worth  if 
operated  along  several  possible  lines,  such  as  smelting  fine  ore.  The 
use  of  an  electric  furnace  as  a  settler  for  hot  copper-furnace  slags 
and  making  out  of  them  possibly  also  a  low-carbon  pig  iron  presents 
certain  promising  potentialities. 

F.  L.  Clbrc,  Estes  Park,  Colo,  (communication  to  the  Secre- 
tary *)  :-«L-Among  a  number  of  very  interesting  questions  raised  in  this 
paper,  the  following,  quoted  almost  literally,  but  not  consecutively  or 
in  full,  appeal  to  me  as  having  a  wider  interest  in  connection  with 
the  pyrometallurgical  concentration  of  metallic  values  in  lean  ores. 

"  Whether  electric  heat  may  be  used  to  replace  the  heat  which  is 
derived  from  the  combustion  of  coke  in  pyrite  and  semi-pyrite  pro- 
cesses .  .  .  would  it  be  possible  and  commercially  feasible  to 
carry  out  these  processes  in  an  electric  furnace  using  a  blast,  obtain- 
ing as  much  heat  as  possible  from  the  oxidation  of  the  sulphur  and 
iron,  and  supplying  by  electric  energy  whatever  additional  heat 
might  be  needed  ?  " 

"  In  true  pyritic  smelting  *  there  is  no  heat  to  spare.'  If,  therefore, 
pyritic  smelting  be  attempted  in  an  electric  blast  furnace,  it  would 
be  necessary  to  supply  the  heat  from  the  electric  current  in  such  a 
manner  as  to  insure  there  being  enough  heat  at  the  focus  to  carry 
on  the  reactions  at  that  point." 

Thermo-electric  processes  are  flexible,  "  for  with  the  electric  cur- 
rent it  would  be  an  easy  matter  to  quickly  increase  or  decrease  the 
heat  required  for  the  successful  operation  of  the  furnace." 

<<This  extra  heat  doubtless  furnishes  just  the  necessary  aid  to 
bridge  the  operation  over  some  critical  point." 

The  suggestion  I  would  make  is  this:  Why  not  apply  the  elec- 

*  Received  Sept  27, 1918. 
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trically  generated  heat  to  the  blast,  and  in  that  manner  insare  there 
being  enough  heat  at  the  focus  to  carry  on  the  reactions  at  that  point? 

These  reactions  are  exothermic,  and  the  attainable  temperatare 
depends  on  the  rapidity  of  the  reactions,  but  the  reagents  must  be 
heated  before  the  reaction  will  start.  I  recommended  this  procedure 
more  than  a  year  ago,  for  the  igneous  concentration  of  the  zinc  in 
mixed  sulphide  ores.     It  appears  to  have  many  advantages. 

The  furnace  would  be  freed  from  the  encumbrance  of  electrodes 
passing  through  the  arch,  and  no  special  form  would  be  required. 
The  electrical  stoves  would  be  replaceable  units,  independent  of  the 
furnace  structure,  and  all  electrical  connections  would  be  readily 
accessible.  There  is  little  difference  of  opinion  about  the  effect  of  a 
superheated  blast  in  pyritic  smelting.  Superheated  is  understood  to 
mean  hotter  than  ordinarily  used  in  the  same  branch  of  metallurgy. 
Most  of  the  variations  to  be  observed  in  practice  are  due  to  local 
conditions.  It  may  be  cheaper  to  add  a  little  coke  and  use  cold  air, 
and  more  of  it,  than  to  install  stoves  for  heating  the  blast,  or  the 
charge  may  be  too  fusible  for  a  high  furnace. 

The  idea  of  heating  the  blast  at  the  tuyeres  is  not  a  new  one;  it  was 
developed  by  W.  Lawrence  Austin,  in  connection  with  pyritic  smelt- 
ing, a  dozen  or  more  years  ago.  He  burned  petroleum  with  an  air 
jet,  in  a  cast-iron  bulb  surrounding  the  air  pipe  leading  to  the  tuyeres. 

It  would  appear  that  an  electric  heating  section  could  be  inserted 
in  each  of  these  pipes,  and  that,  in  addition  to  the  heat  required  for 
normal  working,  additional  heat  could  be  supplied  as  desired,  to 
carry  the  furnace  over  some  critical  point,  either  by  increasing  the 
temperature  or  the  volume  of  the  blast,  at  the  particular  tuyere 
where  it  would  do  most  good,  or  by  keeping  in  reserve  a  more  intense 
blow  pipe  for  use  in  emergencies,  to  fill  the  role  of  the  "  fighting 
tuyere,"  which  iron  furnace  masters  found  useful  in  the  days  before 
a  uniform  furnace  charge  was  practicable. 


Preparation  of  Ore  Containing  Zinc  for  the  Recovery  of  Other 
Metals  Such  as  Silver,  Gold,  Copper,  and  Lead  by  the  Elimi- 
nation and  Subsequent  Recovery  of  the  Zinc  as  a  Chemically 
Pure  Zinc  Product. 

Diflciuisioii  of  the  paper  of  S.  E.  Bretherton,  presented  at  the  Butte  meeting,  Augusti  1913, 
and  printed  in  BuIkUn  No.  80,  August,  1913,  pp.  1481  to  1487. 

S.  E.  Brbthbrton,  San  Francisco,  Cal. : — Since  preparing  my  paper, 
our  chemist,  F.  L.  Wilson,  has  been  experimenting  with  Leadville, 
Colo.,  oxidized  zinc  ore  and  Leadville  zinc  sulphides  containing  lead, 
operating  upon  40-lb.  lots  at  a  time.  His  results  on  Leadville  sul- 
phides are  as  follows:  The  raw  ore  contained  a  trace  of  gold,  6.04 
oz.  of  silver,  19.1  per  cent,  of  zinc,  and  7.24  per  cent,  of  lead.  After 
roasting  the  ore  contained  a  trace  of  gold,  5.72  oz.  of  silver,  0.75  per 
cent  of  copper,  21.7  per  cent,  of  zinc,  and  8.29  per  cent,  of  lead. 
The  loss  in  weight  by  leaching  was  38.8  per  cent.  The  extraction 
was  42.8  per  cent,  of  the  copper,  80.6  per  cent,  of  the  zinc,  7.1  per 
cent,  of  the  lead,  0.64  per  cent,  of  the  silver,  and  no  gold.  The  little 
silver  that  is  extracted  would  be  thrown  down  with  the  copper  when 
precipitating  it  from  the  zinc  and  both  thrown  back  into  the  residue 
to  be  smelted.  There  would  be  no  trouble  in  smelting  the  residue 
with  nearly  all  the  sulphur  eliminated  and  containing  less  than  7  per 
cent  of  zinc.  On  zinc  carbonates  containing  silicates  the  results  are 
not  satisfactory. 

H.  0.  HoFMAN,  Boston,  Mass.  (communication  to  the  Secretary*) : — 
The  paper  by  Mr.  Bretherton  upon  the  application  of  ammonia  and 
carbonic  acid  to  the  recovery  of  zinc  as  oxide  from  roasted  sulphide 
ore  is  of  interest  to  me,  as  the  first  installation  of  the  Schnabel  pro- 
cess for  the  extraction  of  zinc  from  a  mixture  of  zinc  oxide,  lead 
oxide  (with  some  cupric  oxide),  and  pellets  of  enriched  lead,  produced 
in  steaming  liquated  zinc-silver-lead  crust  of  the  Parkes  process,  was 
made  at  Lautenthal,  Harz  mountains,  where  I  was  chemist.  In  that 
capacity  I  carried  out  numerous  experiments  on  the  Schnabel  process, 
was  active  in  the  erecting  of  the  plant,  and  later  had  charge  of  it. 
After  the  Lautenthal  plant  had  been  in  operation  for  some  time  a 
similar  one  was  built  at  Hoboken-les-Anvers,  but  both  have  been 
abandoned,  as  the  wet  process  could  not  compete  with  the  distillation 
of  the  liquated  zinc-silver-lead  crust,  now  used  universally  in  the 
Parkes  process. 

*  Beoeived  Aug.  15,  1913. 
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The  experience  of  Mr.  Bretherton  in  not  being  able  to  extract  a 
satisfactory  percentage  of  zinc  from  an  ore  which  had  been  pardy 
sintered  during  the  preparatory  roasting  is  not  surprising,  as  it  is  one 
which  is  frequently  encountered  even  when  an  ore  has  been  only 
overheated.  Mr.  Laist  called  attention  to  this  fact  in  his  paper  *  on 
the  lixiviation  of  concentration  tailings  at  Anaconda. 

The  analysis  of  the  material  treated  at  Lautentbal  as  quoted  by 
Schnabel*  gives:  Pb,  80.065;  PbO,  36.87;  Zn,  1.9;  ZnO,  23.24; 
Cu,  1.24;  Ag,  1.855;  Bi^O,,  0.44;  Sb.O,,  0.57;  Fe^O,,  8.82  percent 
There  is  no  siliceous  gangue  to  cause  sintering,  hence  the  zinc  oxide, 
after  having  been  heated  to  a  light  cherry  red,  say  850°  C,  remained 
readily  soluble  in  ammonium  sesquicarbonate. 

Some  of  the  tests  upon  the  solubility  of  zinc  oxide  in  ammonia 
and  ammonium  sesquicarbonate  which  I  carried  out  have  been  pub- 
lished by  Schnabel  ^.  I  give  them  in  Tables  I  and  11,  as  they  maybe 
of  service  in  the  working  out  of  the  proposed  process. 

Tablb  I. — Solubility  of  Zinc  Oxide  in  Solutions  of  Ammonia, 

100  g.  solution  with  gr.  NHs 20       15      10         9        8         76         543 

DInolye  at  14<>  C.  in  24  hr.  g.  ZnO 1.78    1.75    1.51    1.34    1.12    O.dl    0.76    0.56   0.45  0.25 

The  solubility  of  zinc  oxide  in  caustic  ammonia  is  too  small  to  be  of 
any  practical  value. 


Table  II. — Solubility  of  Zinc  Oxide  in  Solutions  of  Ammonium  Carbmak, 


100  g.  Solvent  Containing,  g.      Dissolve  in  24  hr.  i 

at  Room  , 

Temperature  g.    | 

ZnO. 
NH«  C0« 


6.49 
6.44 
6.34 
6.25 
6.28 
6.19 


2.70 
3.36 
6.07 
6.02 
6.06 
7.59 


3.60 
6.45 
8.65 
9.95 
9.75 
10.05 


I 


100  g.  Solvent  Containing,  g. 


NRs. 


COf. 


Dissolve  in  24  br. 

at  Room 
Tempeiatozt  %. 
ZnO. 


6.17 
6.13 
6.05 
6.03 
5.91 
5.90 


7.94 
8.61 
10.07 
10.47 
12.63 
12.81 


9.85 
9.95 
10.65 
9.95 
7.95 
7.85 


The  solutions  were  prepared  by  passing  carbon  dioxide  through 
ammonia  liquor  with  6.664  per  cent,  of  NH,  for  different  periods  of 
time ;  the  CO,  contents  were  then  determined.  The  table  shows  thftt 
for  6  per  cent,  ammonia  liquor  the  greatest  dissolving  power  for  zinc 

1  BvMin  No.  79,  July,  1913,  pp.  1147  to  1162. 

*  Schnabel,  C— Louis  H. :  Handhitok  oJMetaUurgy,  vol.  i,  p.  677  (1905). 
'  Zeitdehrift  fur  das  Berg*  HuUen-  und  SaUnenweien  im  preuanaehen  Staaie^  Tol.  xxrili,  pp- 
279  and  280  (1880). 
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oxide  lies  between  6  and  10  per  cent  COj;  1  g.  of  NH,  will  dissolve 
about  1.5  g.  of  ZnO.  Lengthening  the  time  for  solution  from  24  to 
36  hr.  showed  little  increase  in  the  amount  of  ZnO  dissolved ;  raising 
the  temperature  to  30°  C.  had  a  more  favorable  effect.  In  the  plant 
the  standard  solvent  contained  9  per  cent  of  NH,  and  9  per  cent, 
of  CO,. 

The  manner  in  which  the  Schnabel  process  was  carried  out  at 
Lautenthal  is  described  on  pp.  679-680  of  Schnabel's  treatise  already 
quoted. 

The  ore  was  leached  in  a  horizontal  boiler-iron  drum  with  revolving 
shaft  provided  with  arms.  In  fact,  every  apparatus  in  the  mill  was  a 
closed  iron  vessel  strong  enough  to  withstand  considerable  pressure. 
The  vessels  were  provided  with  bottom  pipes  and  valves  for  liquors 
and  similar  devices  for  gases. 

The  leached  residue  was  washed  in  a  filter  press,  which  was  ammo- 
nia-tight, and  was  there  freed  from  ammonia ;  whether  a  similar  result 
will  be  obtained  with  an  ore  containing  a  gangue  only  practical  experi- 
ence can  tell,  as  the  gangue  is  liable  to  hold  back  ammonia  more 
tenaciously  than  a  mixture  of  lead,  lead  oxide,  and  zinc  oxide.  A 
large  Merrill  press  can  be  made  ammonia-tight,  as  was  the  small 
Dehne  press  used  at  Lautenthal. 

The  precipitation  of  the  copper  was  easily  accomplished,  only  care 
had  to  be  taken  to  relieve  the  pressure  of  the  hydrogen  without  wast- 
ing ammonia.  With  an  ore  not  carrying  metallic  zinc  this  feature 
probably  need  not  be  considered.  The  removal  and  washing  of  the 
precipitated  copper  is  another  important  factor. 

The  distillation  of  the  ammonia-zinc  solution  freed  from  copper  was 
a  brilliant  success,  the  liquor  showing  only  a  trace  of  ammonia. 

The  calcination  of  the  basic  carbonate  in  a  muffle  furnace  waa 
accompanied  by  difficulties,  as  at  a  certain  temperature  the  powdery 
charge  begins  to  run  as  soon  as  it  is  touched  with  a  rabble.  The 
recovery  of  the  carbon  dioxide  from  the  basic  zinc  carbonate  was 
given  up  at  the  plant,  and  fresh  gas  prepared  from  burning  coke. 

The  process  outlined  by  Mr.  Bretherton  has  possibilities,  but  many 
difficulties  of  a  mechanical  nature  will  have  to  be  overcome  before  it 
can  become  a  commercial  success.  However,  the  handling  of  large 
quantities  of  material  with  ammonia  in  closed  vessels,  e.  ^.,  in  the 
Solvay  process  for  the  manufacture  of  sodium  carbonate,  is  not  un- 
common at  present,  so  that  there  is  a  prospect  in  the  end  of  a  favor- 
able result 


Timbering  in  the  Butte 

Discofluon  of  the  paper  of  B.  H.  Danshee,  preseated  at  the  Batte  meeting,  Angasti  1913, 
and  printed  in  BuUeiin  No.  80,  August,  1913,  pp.  1511  to  1631. 

Gborgb  E.  Moulthrop,  Butte,  Mont. : — The  recording  for  the  first 
time  by  Mr.  Dunshee,  in  a  readily  usable  form,  of  the  various  sys- 
tems of  square-set  framing  applied  in  the  Butte  district  is  a  valuable 
contribution  to  mining  information.  The  many  different  methods  of 
framing  employed,  due  to  the  individual  ideas  of  superintendents  and 
foremen  of  segregated  companies,  have  given  full  opportunity  to  de- 
termine the  best  framing  for  the  conditions  as  found  in  these  mines, 
and  the  final  adoption  of  a  system  uniform  for  all  the  mines  has  come 
about  through  a  study  of  these  various  methods  and  an  experience 
covering  a  period  of  many  years. 

The  sawed  10  by  10  in.  and  12  by  12  in.  timbers  undoubtedly  give 
the  best  satisfaction ;  and  the  style  of  framing  the  sawed  timber  that 
under  all  conditions  has  given  the  best  practical  results  is  that  used 
in  the  Anaconda  group  and  other  mines,  described  and  recommended 
by  Mr.  Dunshee.  In  this  framing  the  posts  have  a  horn  2  in.  high 
and  6  in.  square,  the  cap  end  having  -dimensions  of  3  by  6  in.  In- 
stead of  the  framed  girt  shown  in  the  drawings  of  the  Anaconda 
group,  the  6  by  10  in.  girt  adopted  at  some  other  mines,  which  fits 
into  the  cap  and  post  framing  with  no  other  preparation  than  cutting 
the  timber  to  the  necessary  length,  fills  all  the  necessary  requirements 
for  strength  and  affects  a  material  saving  in  timber  and  labor.  This, 
as  Mr.  Dunshee  states,  is  without  doubt  the  type  of  framing  which 
would  be  adopted  as  a  standard  for  10  by  10  in.  sawed  timbers  if 
sawed  timber  sets  were  to  be  used  in  the  future  generally.  But  saw- 
timber  for  the  mines  was  becoming  scarce  and  expensive,  and  round 
timber  for  the  square  sets  furnished  an  alternative  which  provided,  at 
greatly  reduced  cost,  material  which  in  every  way  supplied  the  re- 
quirements of  the  mining  conditions. 

The  use  of  the  round  timber  with  a  satisfactory  framing  makes 
available  a  conveniently  located  and  large  source  of  supply  which  up 
to  this  time  has  served  no  useful  industrial  purpose.  Particularly  is 
this  true  of  small  timber,  which  is  still  standing  in  great  quantities 
in  the  forests  where  the  trees  more  desirable  for  commercial  purposes 
have  already  been  cut  and  marketed. 

Then,  too,  timber  which  is  damaged  by  fire  and  down-timber  which 
is  in  a  fair  state  of  preservation  can  be  framed  for  the  mine  sets  and 
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ased  to  as  good  advantage  as  the  best  fir  timber  in  stopes  which  are 
filled  with  waste  material  almost  as  soon  as  the  timbers  are  put  in 
place  by  the  miners. 

Of  the  three  forms  of  framing  round  timber  which  have  been  tried 
and  used  extensively  in  the  mines,  the  present  so-called  step-down 
system  is  the  only  one  which,  after  a  year's  trial,  appears  to  give  as 
much  satisfaction  as  any  framing  used  on  10  by  10  in«  sawed  timber. 
Mine  foremen  and  miners  use  the  sets  framed  after  this  pattern  with- 
out opposition  and  the  mines  generally  are  visited  with  fewer  caves 
than  when  the  highest  grade  of  sawed  fir  timber  was  plentiful  and 
used  exclusively. 

The  framing  first  adopted,  in  the  so-called  mitered  sets  with  bev- 
eled surfaces,  prior  to  the  adoption  of  the  square-cornered,  step-down 
form  of  framing,  failed  completely  in  its  practical  application  in  the 
mines.  This  was  due  to  the  i  mpossibility  of  blocking  the  sets  rigidly 
enough  to  withstand  the  shock  of  ordinary  blasting,  and  it  took  con- 
siderably more  time  to  stand  and  block  them  even  insecurely  into 
position. 

As  the  wall  rock  of  many  of  the  principal  veins  is  never  solid  mate- 
rial, but  to  a  greater  or  less  degree  mineralized  granite  which  on 
exposure  to  air  disintegrates  and  falls  down  from  the  walls,  the  most 
careful  blocking  of  the  sets  of  any  style  of  framing  is  found  in  a  short 
time  to  have  dropped  from  place,  the  ground  having  fallen  from 
behind  the  blocking.  A  slight  weight  of  ground  settling  on  the 
timbers  had  the  effect  of  moving  laterally  the  beveled  posts  and  to 
such  a  degree  that  a  cap  or  girt  would  fall  out  of  its  position,  and 
when  this  happened,  even  if  in  only  one  set  of  a  large  stope  of  50  or 
more  sets,  the  concussion  of  a  blast  caused  all  the  sets  to  fall  to  the 
floor  of  the  stope.  On  this  account,  following  the  regular  timbering 
gang,  it  was  necessary  to  employ  extra  crews  whose  duty  it  was  to 
examine  and  re-block  the  sets.  On  the  other  hand,  with  the  square- 
corner  framing  the  experience  has  been  that  with  the  falling  out  of 
the  blocking  of  even  several  sets  of  a  stope  the  weight  of  the  ground 
takes  effect  more  nearly  vertically,  and  instead  of  the  posts  easily  sliding 
laterally  on  the  beveled  surfaces,  the  weight  binds  the  sets  tightly 
together,  and  no  amount  of  blasting  ever  sweeps  down  any  great 
number  of  sets  of  a  large  stope,  as  was  the  common  and  usual  case 
with  the  mitered  sets. 

More  care  and  time  are  necessary  in  standing  a  set  of  round  tim- 
bers than  with  the  sawed  timber  sets,  as  with  the  latter  it  is  an  easy 
matter  to  stand  a  post  in  exact  line  with  the  sets  already  in  place  by 
sighting  with  the  eye  along  the  faces  of  the  standing  and  blocked  sets. 
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With  the  round  timbers,  which  are  always  of  varying  sizes,  this 
method  is  impossible,  and  the  miner,  after  temporarily  placing  the 
several  members  of  the  set  into  their  approximately  correct  positions, 
proceeds  to  block  the  set  and  by  wedges  brings  the  framed  ends  into 
a  close  and  even  fitting.  The  fitting  of  these  unions  is  the  indication 
of  the  accuracy  of  the  square  formed  by  the  timbers.  The  measure- 
ment of  the  diagonals  is  a  common  and  the  best  way  of  determining 
the  correctness  of  the  position  of  the  set. 

With  the  drift  and  sill-floor  posts,  which  are  flat-bottom,  being 
framed  at  the  top  end  only,  the  common  practice  is  to  first  place  as  a 
sill  a  2-in.  plank,  on  the  ends  of  which  rest  the  posts.  The  position 
of  the  plank  is  determined  by  a  carpenter's  level  or  a  grade-stafi  to 
obtain  the  correct  elevation  for  the  desired  grade — 0.25  to  0.5  in.  per 
set — ^the  alignment  being  determined  by  bringing  the  center  of  the 
plank  to  a  point  in  line  with  two  plumb  lines  hung  from  the  centers 
of  caps  in  sets  already  standing  in  the  same  row.  Where  ore  chutes 
are  to  be  built  in,  in  the  sets,  and  these  are  often  as  frequent  as  every 
25  ft,  10  by  10  in.  square  timbers  are  used,  instead  of  the  ronnd 
timbers,  in  order  that  a  smooth  surface  may  be  had  to  which  is  spiked 
the  2  or  8  in.  plank  lining.  These  10  by  10  in.  square  sets  for  the 
ore  chutes  are  carried  from  one  leVel  to  another  as  the  stope  pro- 
gresses, so  that  every  fifth  or  sixth  set,  instead  of  being  of  round 
timber,  is  of  10  by  10  in.  timber  framed  like  the  round. 

Round  timber  is  sometimes  hewed  so  that  the  chute  lining  may  be 
spiked  to  it,  but  in  heavy,  moving  ground  the  chute  in  square  timber 
stands  better  and  lasts  longer. 


Ore  Deposits  at  Butte,  Mont. 

Ducoflrion  of  the  paper  of  Beno  H.  Sales,  presented  at  the  Butte  meeting,  August,  1913, 
and  printed  in  BvlUHn  Na  80,  Aognst,  1913,  pp.  1524  to  1626. 

L.  C.  Graton,  Cambridge,  Mass.: — ^It  has  been  my  privilege  to 
read  with  some  care  Mr.  Sales's  paper,  and  I  feel  it  a  sense  of  duty 
and  a  pleasure  to  discuss  it  briefly.  After  two  months  spent  under- 
ground in  the  Butte  mines  by  my  associates — Messrs.  Augustus 
Locke,  A.  M.  Bateman,  and  E.  H.  Perry — and  myself,  it  seems  only 
fair  to  record  our  appreciation  of  the  almost  baffling  structural  com- 
plexity of  the  Butte  veins,  of  the  remarkable  accuracy  with  which 
their  mechanical  details  have  been  worked  out,  and  of  the  unusually 
effective  and  intelligent  use  of  geologic  conceptions  in  interpreting 
their  subtler  characters  and  significance.  During  this  period,  under 
the  courteous  and  helpful  guidance  of  either  Mr.  Sales,  the  members 
of  his  stafi,  or  the  geologists  of  other  companies,  we  have  been 
afforded  opportunity  to  test  many  of  the  conclusions  embodied  in  the 
present  paper,  and  it  is  but  just  to  state  that  as  our  observations  have 
accumulated  sufficiently  the  great  majority  of  these  conclusions  have 
received  unquestioned  confirmation  in  our  minds. 

The  pleasure  consists  in  realization  that  the  science  of  mining 
geology,  to  which  so  many  of  us  have  devoted  ourselves,  actually 
embraces  the  possibilities  that  this  paper  exhibits.  The  science  of 
geology  has  been  favored  by  many  brilliant  contributions  of  general 
nature,  and  by  a  smaller  number  of  studies  remarkable  because  of 
their  detail  and  precision.  I  know,  however,  of  no  other  piece  of 
work  like  this,  which,  including  Mr.  Winchell's  administration,  vir- 
tually represents  the  combined  results  of  over  15  years  of  work  by  a 
staff  of  trained  geologists  in  a  district  which  measures  not  much 
more  from  end  to  end  than  it  now  does  from  top  to  bottom.  That 
this  concentration  of  effort  and  observation  has  been  required,  and 
that  it  has  been  repaid  by  the  results  attained,  are  plentifully 
evident  in  Mr.  Sales's  paper.  If  one  were  inclined  to  doubt  this  after 
perusal  of  the  text,  surely  he  would  be  convinced  by  the  maps  and 
sections,  several  of  which,  I  venture  to  say,  are  unapproached  in  de- 
tail and  accuracy  by  anything  attempted  before. 

Among  the  features  of  more  general  geologic  significance  men- 
tioned by  Mr.  Sales  that  we  have  had  opportunity  to  confirm  to  our 
own  satisfaction  may  be  noted  the  peculiar  character  of  the  Mountain 
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View  fault  breccia;  the  essential  unity  of  the  period  of  primary 
mineralization  in  the  district,  regardless  of  the  trend  or  age  of  the 
fractures;  and  the  rudely  concentric  zoning  exhibited  both  by  in- 
tensity of  alteration  and  by  character  of  ore  minerals  deposited. 

The  subject  upon  which  Mr.  Sales  places  most  emphasis,  viz.,  the 
origin  of  the  deep-level  chalcocite,  is  one  that  possesses  far  more  than 
ordinary  interest  for  the  four  of  us  who  are  beginning  here  a  country- 
wide study  of  secondary  enrichment  of  copper  deposits.  I  may  say 
that  Mr.  Sales  and  I  are  not  wholly  in  accord  regarding  some  fea- 
tures of  chalcocite  occurrence  and  significance  at  Butte,  but  as  my 
own  views  are  not  fully  shared  by  my  associates,  it  would  seem  the 
better  part  of  valor  to  postpone  any  statement  upon  this  subject  until 
more  thorough  study  can  be  given  to  it.  That  this  problem  is  ex- 
tremely complex  will  probably  be  admitted  by  all  acquainted  with  it. 
In  any  event,  after  microscopic  study  of  nearly  a  thousand  specimens 
of  Butte  ores,  we  are  fully  agreed  with  Mr.  Sales  that  there  are  great 
quantities  of  original  or  primary  chalcocite  in  these  ores,  and  that 
several  other  rich  copper  jninerals  so  plentiful  here,  notably  enargite 
and  bornite,  are  predominantly  primary  and  not  due  in  any  important 
degree  to  influences  active  at  or  near  the  surface. 

It  appears,  therefore,  as  pointed  out  elsewhere,*  that  the  history  of 
this  greatest  of  the  world's  copper  camps  is  not  soon  to  be  ingloriously 
terminated  by  a  giving  out  of  downward  enrichment,  but  instead  that, 
regardless  of  whatever  alterations  may  have  affected  the  deeper  ores 
now  known,  profitable  mining  will  probably  be  able  to  continue  as 
far  as  the  physical  limitations  of  depth  and  vagaries  of  primary  ore 
deposition  will  permit. 

One  might  have  wished  that  Mr.  Sales  had  not  confined  himself  so 
strictly  to  Butte.  Comparisons  in  various  respects  with  other  mining 
districts  might  serve  as  tying-in  points  to  those  not  fortunate  enough 
to  see  this  camp  for  themselves ;  and  it  would  seem  that  the  state- 
ment regarding  genesis,  particularly  the  nature  of  the  depositing  solu- 
tions, might  have  been  strengthened  if  citations  had  been  made  to 
other  mining  regions  for  which  similar  ideas  have  been  held.  It  is, 
however,  a  sufllcient  task  to  record  the  geology  of  a  single  district  so 
complex  as  Butte,  and  those  who  would  combat  Mr.  Sales's  hypo- 
theses should  remember  that  these  have  been  devised  to  accord  with 
an  enormous  store  of  hard  facts  gathered  through  18  years  of  close 
personal  observation.  I  feel  greatly  indebted  to  Mr.  Sales  for  his 
contribution. 

>  BvUetin  No.  77,  May,  1913,  p.  782. 
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W.  C.  Ralston,  San  Francisco,  Cal. :  —  When  you  speak  of 
the  acidity  of  the  inclosing  granite;  that  is,  the  primary  granite, 
what  is  meant  ?  Do  you  refer  to  the  per  cent,  of  acid  present,  and 
also  how  does  the  acidity  of  the  altered  granite  adjoining  the  veins 
compare  with  the  normal  unaltered  granite  ?  To  me  the  line  of  de- 
marcation would  be  rather  indefinite,  and  this  dividing  line  does  not 
appear  to  be  clearly  defined. 

Mr.  Sales  : — "  Acidity  "  when  applied  to  rocks  is  a  comparative 
term  only  and  it  refers  to  the  relative  amounts  of  silica  present.  The 
quartz-porphyry  of  Butte  is  more  "  acid  "  than  the  granite  because  it 
contains  4  or  5  per  cent,  more  silica.  The  silica  content  of  the  altered 
granite  associated  with  the  vein  is  a  widely  variable  constituent. 
Sometimes  it  is  more  siliceous  and  often  less  siliceous  than  the  un- 
altered granite,  depending  upon  the  degree  of  alteration  and  many 
other  factors.  In  general  terms,  the  line  of  demarcation  between 
altered  and  unaltered  granite  is  well  defined,  though  there  may  be  a 
alow  gradation  between  slightly  altered  and  highly  altered  material. 

Mr.  Ralston  : — ^Is  it  a  highly  acid  rock  ? 

Mr.  Sales  : — The  Butte  granite  runs  about  64  per  cent,  silica. 

Mr.  Ralston  : — Now,  as  to  the  altered  granite,  what  percentage 
has  it? 

Mr.  Sales  : — ^It  is  variable,  sometimes  higher,  but  often  lower  in 
silica  than  the  normal  rock. 

J.  W.  Richards,  South  Bethlehem,  Pa. : — May  I  call  attention  to 
the  fact  that  where  chemistry  touches  the  field  of  geology  a  knowl- 
edge of  physical  chemistry  will  greatly  aid  the  geologist  in  solving 
his  questions.  It  is  a  great  thing  to  have  a  thousand  million  dollars* 
worth  of  copper,  but  to  the  real  geologist  there  is  more  satisfaction 
in  knowing  how  the  copper  got  there.  We  are  now  possibly  groping 
in  the  dark  because  of  a  lack  of  knowledge  of  the  reactions  of  copper- 
bearing  solutions  under  high  pressures.  I  think  that  is  one  of  the 
weak  points  of  the  paper,  especially  where  it  enters  upon  theory  and 
speculation  as  to  how  the  primary  chalcocite  was  produced.  I  think 
we  should  go  to  the  laboratory  and  get  more  experimental  informa- 
tion as  a  preliminary  and  guide  to  our  theory  and  speculation. 


Some  Recent  American  Progress  in  the  Assay  of  Copper- Bullion. 

DiflcoflBion  of  the  paper  of  Edward  Keller,  presented  at  the  Batte  meeting,  Aagait,  1913, 
and  printed  in  BuUetin  No.  80,  August,  1913,  pp.  2093  to  2115. 

Gborgb  L.  Heath,  Hubbell,  Mich. : — In  the  admirable  paper  quoted, 
is  mentioned  the  date  when  the  5-g.  assay  was  first  proposed  as  a  stand- 
ard for  refined  metal. 

The  author  omitted,  however,  to  mention  a  later  paper,^  which 
contains  a  proposal  for  the  use  of  a  single  "  stock  solution  "  of  mixed 
acids,  which  has  been  adopted  by  the  American  Brass  Co.  and  others. 

The  suggestion  is  made  that  such  a  scheme  would  save  time  and 
manipulation  with  converter  metal.  Unless  the  low  current  of  0.5 
ampere  and  the  large  excess  of  nitric  acid,  recommended  by  Mr. 
Keller,  have  been  proved  necessary  to  hold  up  antimony  and  selenium, 
the  use  of  the  mixed  solution  which  we  have  adopted  will  permit  the 
use  of  1  ampere  of  current  per  square  decimeter  of  cathode  surface, 
until  the  solutions  have  become  colorless.  At  this  point,  we  wash 
the  covers  and  reduce  to  0.5  ampere  to  prevent  oxidation  or  contami- 
nation. The  ordinary  split  electrodes  have  been  used.  With  strong 
current,  at  least,  the  use  of  an  excess  of  nitric  acid  tends  to  the  neu- 
tralization of  the  solution  before  the  end  of  the  period,  from  the 
formation  of  too  much  ammonia,  and  this  is  detrimental.  Antimony 
deposits  more  easily  than  arsenic,  and  tends  to  drag  the  latter  down 
with  it.  There  must  be  some  such  explanation  for  the  fact  that  we 
have  made  hundreds  of  deposits  of  pure  cathodes  from  Lake  material 
containing  no  antimony,  but  as  high  as  0.5  per  cent,  of  arsenic.  By 
placing  an  assay  beaker  in  the  Frary  solenoid,  or  rotary  device,  a 
cathode  deposit  with  less  than  0.01  per  cent,  of  impurity  is  easily 
obtained  in  one  operation  from  8  g.  of  whitneyite,  carrying  from  7  to 
10  per  cent,  of  arsenic.  In  such  a  case,  it  is  necessary  to  test  several 
times  for  end  point  and  remove  the  plate  as  soon  as  no  brown  tint 
appears  (at  once)  when  hydrogen  sulphide  water  is  added  to  the  test 
portion  on  the  spot  plate. 

Edward  Keller's  proportions  of  solvent  figure  out  as  14  cc.  of  strong 
nitric  to  11.4  cc.  of  sulphuric  acid  (1.84). 

Our  stock  solution  is  made  up  in  the  following  proportions  by 
volume:  7  cc.  of  nitric  acid  (1.42),  10  cc.  of  sulphuric  acid  (1.84), 
and  25  cc.  of  water.     Ordinarily,  40  cc.  is  taken  for  a  5-g.  sample, 

*  Journal  of  Industruil  and  Engineering  Chemistry,  vol.  ill,  No.  2,  p.  74  (Feb.,  1911). 


AMERICAN   PB0ORB8S   IN   THB   ASSAY   OF   GOPPBBrBULLION.       2789 

unless  the  arsenic  is  over  0.5  per  cent,  in  which  case  the  amount  of 
solvent  is  increased. 

It  may  not  be  generally  known  that  one  chemist,  Ferdinand  An- 
drews, of  the  Raritan  Works,  is  depositing  regularly  10  g.  of  copper 
from  refined  metal  in  16  hr.  with  the  perforated  cathode,  described 
by  Mr.  Keller,  and  a  double  anode,  consisting  of  an  inner  spiral  and 
outer  frame  in  one  piece,  similar  to  the  IloUard  type  advertised  by 
Eimer  &  Amend,  New  York.  The  current  strength  is  1  ampere,  and 
the  first  solvent  is  pure  nitric  acid,  to  which  is  added  6  cc.  of  sul- 
phuric acid  and  10  cc.  of  ammonia,  after  the  nitrate  has  been 
evaporated  to  the  crystallizing  point.  Here,  as  in  the  single-mixture 
method,  ammonium  salts  are  depended  upon  to  assist  in  holding  back 
the  impurities. 

If  the  same  quantity  of  sample  can  be  plated  out  with  half  the 
current  required  by  the  solid  cathode,  or  if  10  g.  can  be  taken,  the 
perforated  cathode  certainly  offers  advantages  in  the  assay  of  refined 
metal  as  well  as  crude  bullion. 

Removal  of  Selenium  and  Tellurium, — When  these  elements  are  the 
principal  impurity,  they  have  for  years  been  successfully  removed  by 
a  very  simple  scheme  which  takes  care  of  Mr.  Keller's  objection  that 
the  metals,  under  certain  conditions,  form  compounds  with  silver,  or 
copper,  when  reduced  with  sulphur  dioxide. 

The  nitrate  solution  is  evaporated  with  excess  of  sulphuric  acid 
until  the  dry  residue  is  white.  Dissolve  in  60  cc.  of  water  and  wash 
into  a  lipped  beaker,  placing  the  tall  beaker  under  a  funnel  fitted 
with  a  8-cm.  filter.  Heat  the  solution  to  boiling,  remove  from  plate, 
and  charge  with  SO  gas  for  10  min.  Gas,  free  from  chlorine,  is 
generated  by  slowly  dropping  a  saturated  solution  of  C.  P.  sodium 
sulphite  from  a  separatory  funnel  into  a  large  round-bottom  fiask 
half  filled  with  concentrated  C.P.  sulphuric  acid.  After  settling  a 
few  hours,  at  least,  filter  into  the  original  electrolytic  beaker,  and 
wash  free  from  acid  with  hot  water.  •  Boil  gently  to  remove  most  of 
the  sulphur  dioxide  gas.  Ignite  the  filter  in  a  porcelain  crucible  at  a 
red  heat  until  the  residue  is  oxidized,  to  volatilize  the  harmful  ele- 
ments. 

Re-dissolve  the  residue  in  1.5  cc.  of  nitric  acid  and  add  to  the  main 
solution,  and  electrolyze  in  the  usual  manner.  A  little  more  nitric 
acid  and  10  cc.  of  ammonia  may  be  added,  if  necessary,  to  hold  back 
antimony  and  bismuth. 


Concentration  of  Slimes  at  Anaconda,  Mont. 

Discussion  of  the  paper  of  Balph  Hayden,  presented  at  the  Butte  meeting,  Aagust,  1913, 
and  printed  in  BvUetin  No.  80,  August,  1913^  pp.  1443  to  1467. 

John  V.  N.  Dorr,  Denver,  Colo. : — Mr.  Hayden  has  placed  the 
metallurgical  profession  greatly  in  his  debt  for  this  valuable  paper. 
The  importance  of  such  a  complete  description  of  the  research  work 
on  which  is  based  the  building  of  a  plant  to  add  at  least  10,000,000  lb. 
of  copper  per  year  to  the  production  of  the  Anaconda  Copper  Mining 
Co.,  at  small  expense,  will  be  appreciated  by  all  our  members,  and 
especially  those  who  are  facing  similar  problems. 

The  information  given  in  regard  to  the  treatment  methods  dis- 
carded will  be  a  great  help  to  many  workers,  as  it  is  often  of  as  miicli 
importance  to  kno^v  what  "  not  to  do  "  as  what  method  to  adopt. 

Some  further  comment  on  the  tests  of  the  Dorr  thickener  mav  be 
of  interest,  as  they  have  led  to  developments  which  I  believe  will 
prove  of  great  importance. 

Before  the  Dorr  thickener  was  installed,  I  had  shown  Mr.  Laist 
reports  from  the  Steptoe  Valley  concentrator,  in  which  it  was  stated 
that  one  thickener  17  ft.  in  diameter  was  the  equivalent  in  settling 
capacity  of  twelve  8-ft.  cones,  although  the  latter  contained  double  the 
surface  area.  Mr.  Laist  had  made  careful  tests  on  the  settling  ca- 
pacity of  an  8-ft.  cone  on  Anaconda  slime,  and  we  naturally  expected 
the  thickener  would  show  a  much  higher  capacity  for  equivalent  area. 

When,  as  Mr.  Hayden  stated,  the  tests  showed  no  increase,  I  re- 
alized that  we  were  comparing  it  with  a  cone  under  test  conditions, 
while  the  Steptoe  results  were  based  on  operative  conditions,  and  the 
explanation  given  by  Mr.  Waddell  for  the  great  difference  had  been, 
that  ''  there  is  only  one  unit  to  watch  instead  of  twelve,  without  the 
constant  result  of  feed  to  tw  elve  cones  becoming  unbalanced.  Also 
the  one  1  J-in.  spigot  used  on  the  Dorr  requires  no  attention  compared 
with  the  dozen  f-in.  spigots  of  the  cones." 

I  realized  also  as  a  result  of  the  tests  that  the  total  settling  area 
required  to  handle  the  immense  tonnage  of  the  Anaconda  company 
would  be  enormous,  and  very  expensive  in  view  of  the  housing  re- 
quired by  Montana  climatic  conditions.  After  studying  the  matter 
over,  I  told  Mr.  Laist  that  I  believed  a  thickener  operating  in  a  much 
shallow^er  tank  would  have  nearly  the  same  capacity.  I  asked  him  to 
test  it  out  in  the  same  tank  filled  3  ft.  deep,  and  stated  that  if  my  idea 
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proved  correct,  we  could  manufacture  thickeners  to  operate  with 
one  mechanism  in  a  number  of  superimposed  shallow  tanks.  As  a 
resolt  of  the  tests  we  are  now  manufacturing  for  the  Anaconda  com- 
pany 40  of  what  we  call  four-deck  thickeners,  each  to  operate  in  four 
tanks  28  ft  in  diameter  by  3  ft  3  in.  deep.  This  will  reduce  to 
nearly  one-fourth  the  size  of  the  building  required  for  housing  the 
settlers,  and  save  in  operating  costs  as  well.  Based  on  power  mea- 
surements at  other  plants,  and  assuming  one  man  giving  constant  at- 
tention to  the  operation  of  the  plant,  the  cost  of  clarification,  omitting 
interest,  should  not  exceed  0.1  c.  per  1,000  gal.  clarified. 

Carrying  the  idea  still  further  at  that  time,  I  devised  a  system  of 
trays  to  be  installed  in  deep  thickeners,  for  the  purpose  of  making  in 
effect  a  plurality  of  shallow  tanks,  each  with  its  own  feed  and  with  a 
common  overflow  of  clear  liquid,  and  common  or  separate  discharge 
of  thick  product. 

A  practical  test  along  these  lines  at  its  mill  has  satisfied  a  large 
gold  mining  company,  now  cyaniding  1,800  tons  of  slime  daily,  that 
they  can  double  their  settling  capacity  with  no  additional  expense  for 
buildings,  foundations,  or  tanks,  and  a  very  moderate  cost  for  equip- 
ment. Both  modifications  of  the  thickener  are  now  being  patented, 
and  I  hope  shortly  to  publish  in  the  Transactions  a  full  description  of 
these  recent  developments. 

The  reduced  cost  of  settling  area  thus  obtained  makes  it  probable 
that  the  machines  can  be  used  profitably  in  clarifying  the  water  sup- 
ply of  cities  depending  on  turbid  river  water,  although  I  have  no 
data  as  yet  regarding  the  relative  settling  rates  of  a  dificult  metal- 
lurgical slime  and  river  silt. 

The  installation  at  Anaconda  should  clarify  enough  water  to  supply 
a  city  of  from  200,000  to  300,000  people,  at  the  usual  per  capita  rate 
of  consumption. 

Ore-Dressing  Improvements. 

DiflcofBiQD  of  the  paper  of  Robert  H.  Bichardsi  presented  at  the  Batte  meeting,  Angust, 
1913,  and  printed  in  Bulletin  No.  81,  September,  1913,  pp.  2299  to  2303. 

C.  D»  Dbmond,  Anaconda,  Mont,  (communication  to  the  Secre- 
tary*) : — ^Any  one  who  has  observed  the  increased  efficiency  of  the 
Wilfley  tables  in  a  mill  when  fed  from  a  reasonably  good  hydraulic 
classifier,  as  compared  with  tables  fed  from  a  spUzkasten^  which  is  a  very 
poor  classifier,  will  agree  to  the  advantage  of  "  better  classification." 
It  must  be  gratifying  to  Dr.  Richards  to  know  that,  directly  or  in- 

*  Received  Oct.  17,  1913. 
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directly,  many  mill  men  are  responding  to  his  persistent  advocacy  of 
correct  principles  of  ore  dressing  and  are  accepting  the  results  of  his 
investigations.  As  he  says,  these  principles  mean  much  for  hoth  the 
conservation  of  resources  and  the  profit  of  operators. 

When  Dr.  Richards  gives  us  accurate  figures  as  to  the  maximam 
size  of  free  mineral  grains  in  the  tailings  of  the  Wilfley  table  and  of 
the  vanner,  they  will  be  of  a  good  deal  of  practical  value  in  delimit- 
ing the  proper  fields  for  the  Wilfley,  the  vanner,  and  the  round  table. 
He  has  coined  the  terms  "  free  settling "  and  "  hindered  settling."  ^ 
The  series  may  be  completed  by  adding  "  crowded  settling,"  the 
main  principle  of  action  on  both  the  vanner  and  the  Wilfley  table, 
which  is  the  principle  of  separation  in  a  mass  of  grains  crowded  a^ 
closely  together  as  they  can  be  and  yet  continue  free  to  move  between 
one  another;  and  the  occurrence  of  larger  mineral  particles  in  the 
Wilfley  tailing  than  in  that  from  the  vanner  is  apparently  caused  bv 
the  more  violent  agitation,  due  chiefly  to  the  purposely  sudden 
reversal  of  the  stroke.  It  seems  likely  that  the  agitation  caused  bv 
the  wash  water  dropping  directly  upon  the  concentrate  on  the  vanner 
is  more  harmful  than  that  due  to  the  shake.  For  th^  very  finest 
material  that  can  be  concentrated  by  usual  methods,  the  round 
table  is  superior  to  the  vanner  because  it  does  not  have  even  the 
gentle  agitation  of  the  latter.  The  action  on  round  tables  is,  not 
"  crowded  settling,"  but  "  film  sizing,"  *  but  agitation  is  harmful  in 
the  latter  action.  George  Gates  proved  this  harm  20  years  ago :  in 
making  the  first  successful  large-scale  application  of  canvas  tables  in 
California  gold  mills  he  abandoned  all  shaking  motion,  although  he 
had  patented  canvas  tables  to  which  such  motion  was  applied. 

I  hope  that  Dr.  Richards's  results  as  to  free  mineral  in  tailings  will 
cover  different  conditions  as  to  violence  of  agitation,  amount  of  wash 
water,  and  height  from  which  both  the  feed  and  the  wash  water  drop 
to  the  vanner,  density  of  the  pulp,  and  load  per  square  foot.  It  will 
also  be  important  to  determine  whether  the  eflSciency  of  the  Wilfley 
table  can  be  increased  by  adopting  a  plain  eccentric  motion  in  place 
of  the  "  quick  return,"  which  will  lessen  the  violence  of  the  agitation; 
and  produce  the  travel  toward  the  concentrate  discharge  end  by 
means  of  a  suitably  steep,  and  adjustable,  slope  in  that  direction. 

1  !ZWin«.,  xjivi,  7  (1896.) 

*  Bichards  :  OrtDresging^  vol.  ii.,  p.  644  (1903). 


The  Use  of  the  Microscope  in  Mining  Engineering. 

DiscDasion  of  the  paper  of  Frederick  W.  Apgar,  presented  at  the  Batte  meeting,  Aagust, 
1913,  and  printed  in  BtUleHn  No.  78,  June,  1913,  pp.  1011  to  1022. 

L.  C.  GRATONy  Cambridge,  Mass. : — I  presume  I  am  one  of  the  few 
who  are  exceedingly  interested  in  microscopic  work,  and  I  am  sure  we 
have  all  enjoyed  this  paper  very  much.  I  will  not  attempt  to  express 
my  own  feelings  in  regard  to  it  beyond  saying  that  it  seems  to  me 
that  this  sort  of  investigation  and  study  has  been  overlooked  and 
slighted,  and  its  possibilities  are  very  great.  There  are  one  or  two 
details  which  impressed  me,  because  they  were  novel  to  me,  and  one 
was  the  developn^ent  of  secondary  galena  with  dull  luster.  I  have 
never  seen  any  galena  which  seemed  to  be  secondary,  and  have  never 
seen  any  that  was  secondary  or  primary  that  did  not  have  a  bright 
luster. 

KiRBY  Thomas,  New  York,  N.  Y.  (communication  to  the  Secre- 
tary *) : — The  present-day  mining  engineer  is  expected  to  "  see  into 
the  ground  farther  than  the  point  of  the  pick  "  and  he  is  justified  in 
making  free  claim  to  his  ability  to  do  so.  Mr.  Apgar  has  recorded 
the  development  of  the  application  to  the  work  of  the  engineer  of  a 
very  useful  but  tardily  recognized  instrument — the  petrographic 
microscope,  an  instrument  which  is  helping  to  shatter  the  proverbial 
"point  of  the  pick"  limitation — and  he  has  shown  its  use  and  its 
possibilities  very  clearly.  Some  further  field  examples  of  the  use  of 
the  microscope  in  engineering  problems  may  add  to  the  appreciation 
of  Mr.  Apgar's  scholarly  paper.  In  exploration  by  diamond  drills 
in  the  Sudbury,  Ontario,  nickel  district  it  is  often  of  great  importance 
to  determine  when  the  drill  has  passed  out  of  the  norite  and  into  the 
foot-wall  formation.  Structural  calculations  may  give  a  clue  to  the 
expected  point  of  contact,  but  the  variations  are  considerable,  and 
since  to  stop  the  drill  before  reaching  the  contact  is  futile,  and  to 
continue  beyond  it  is  needless,  it  becomes  of  theoretic  and  economic 
importance  to  determine  positively  the  lithological  nature  of  the  core 
at  critical  stages  in  the  work.  In  some  places  the  foot-wall  is  an 
earlier  norite,  only  distinguishable  from  the  nickel  norite  (Sudbury- 
ite)  by  means  of  an  examination  of  the  rock  slides  with  a  petrographic 
microscope.  Again,  certain  diabase  dikes  which  cut  the  norite  and 
the  foot^wall  formations  cannot  be  easily  or  with  certainty  distin- 

*  Received  Sept  22,  1913. 
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guished  megascopically  from  the  norite.  The  determinatioD,  only 
possible  with  the  high-power  microscope,  that  the  often  highly  altered 
rock  gangue  associated  with  outlying  pyrrhotite  masses  in  the  Sudbury 
district  is  a  phase  of  the  nickel  norite,  is  of  evident  importance  in 
view  of  the  fact  of  the  invariable  association  of  the  norite  and  the 
nickeliferous  pyrrhotite.  From  these  random  examples  from  actual 
working  notes,  it  is  evident  that  the  microscopic  laboratory  is  often 
quite  as  essential  to  the  engineer  in  charge  of  explorations  as  is  the 
assay  laboratory  to  the  metallurgist  or  to  the  miner. 

Another  point  of  application  of  the  microscope  should  be  consid- 
ered. Often  it  is  of  no  great  importance,  from  a  commercial  point 
of  view,  that  the  exact  species  of  the  associated  rocks  of  a  mineral 
deposit  should  be  determined,  but  the  engineer  owes  a  recognition 
to  the  science  on  which  his  profession  is  founded  which  should  restrain 
him  from  incorrect,  careless,  or  indefinite  rock  nomenclature  in  his 
reports  and  records.  A  few  "standby"  rock  names,  frequently 
wrongly  used  in  mining  literature,  often  cover  obvious  ignorance  or 
indicate  culpable  carelessness.  It  is  not  to  be  expected  that  the  busy 
field  engineer  can  offhand  "  read  "  all  the  multitudinous  rock  species, 
but  he  can  obtain  a  slide  of  the  important  rock  formations  he  describes 
at  a  very  insignificant  cost,  and  likewise  can  have  a  lithological  deter- 
mination made  by  a  specialist  for  a  nominal  charge,  if  desired. 


Notes  on  the  Metallography  of  Refined  Copper. 

DitcuflBion  of  the  paper  of  Earl  S.  Bardwell,  preaeated  at  the  Batte  meeting,  Atignst,  1913, 
and  printed  in  BvUetin  No.  79,  July,  1913,  pp.  1429  to  1441. 

H.  O.  HoFMAN,  Boston,  Mass.  (communication  to  the  Secretary*): — 
It  is  pleasing  to  the  originators  of  the  planimetric  determination  of 
oxygen  in  refined  copper  to  see  that  the  method  has  been  taken  up 
by  a  large  smelting  plant  to  be  used  in  every-day  work  after  it  has 
been  simplified  to  suit  the  new  conditions.  Several  years  ago  Hunt- 
ington and  Desch  *  had  improved  our  mode  of  working.  They  pro- 
jected the  developed  negative  on  to  a  screen,  traced  the  ouUines  of 
the  picture  with  a  pencil,  drew  a  border,  and  measured  one  con- 
stituent with  the  planimeter.  In  order  to  give  the  work  greater  pre- 
cision, they  divided  the  area  into  squares  of  1  cm.  side,  shaded  the 

*  Received  Aug.  26,  1913. 

^  TranscuUioM  of  the  Farada/y  Society^  vol.  iv.,  p.  61  (1908). 
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areas  of  one  conBtitaent,  and  estimated  the  proportions  of  shaded  and 
unshaded  areas.  Mr.  Bardwell's  plan  is  simplicity  itself,  and  the 
data  given  show  that  the  results  are  all  that  can  be  expected. 

The  diagram,  Fig.  6,  showing  the  electric  conductivity  curve  of 
refined  copper  as  influenced  by  the  combined  presence  of  oxygen  and 
arsenic  plus  antimony,  shows  how  important  it  is  to  know  something 
about  the  amount  of  oxygen  present  if  we  are  to  understand  the 
effects  other  constituents  may  have  which  are  present  with  the  oxygen. 
The  requirement  for  electrolytic  copper  advocated  by  Addicks,*  that 
the  electrolytic  conductivity  be  satisfactory  and  the  metal  form  a 
mechanically  perfect  casting,  serves  some  purposes^  but  not  all.  The 
influence  of  oxygen  upon  the  mechanical  properties  of  copper  which 
has  not  passed  through  an  electrolytic  plant  is  marked.  It  was  studied 
by  Hampe^  in  his  classical  researches,  and  was  emphasized  from 
the  point  of  view  of  the  copper  smelter  by  Lewis,*  who  recently  •  re- 
affirmed his  views  in  his  protest  against  the  specifications  of  the  Am- 
erican Society  for  Testing  Materials  •  of  making  electric  conductivity 
the  basis  of  a  specification  for  copper  which  is  not  to  be  used  for  elec- 
trical purposes.  Extended  studies  upon  the  influence  of  oxygen  upon 
the  limits  of  the  harmful  effects  of  impurities,  such  as  arsenic,  anti- 
mony, tin,  and  bismuth,  upon  the  mechanical  properties  have  been 
made  by  Johnson,^  Greaves,®  Archbutt,*  Baucke,*®  and  others. 

The  study  of  the  influence  of  the  combined  presence  of  oxygen 
and  impurities  upon  the  electric  conductivity  of  copper  has  been 
begun  by  Bard  well,  who  unfortunately  has  had  to  drop  his  investiga- 
tion. A  great  deal  of  very  accurate  physical  and  chemical  laboratory 
work  will  have  to  be  done  before  a  satisfactory  answer  can  be  given 
to  this  important  question. 

»  Tran8.y  xxxiv.,  985  (1903). 

'  Zeiisehr^l  fur  das  Berg-  HuUen-  und  Salinenwesen  im  preunxBchen  StaaUj  toL  zzi.,  p.  218 
(1873)  ;  ▼ol.  xxiL,  p.  93  (1874)  ;  vol.  xxiv.,  p.  6  (1876). 

*  Engt-neering,  yoL  Izxvi.,  p.  753  (Dec  4, 1903) ;   Engineering  and  Mining  Joumai,  yol. 
lixviL,  No.  7,  p.  284  (Feb.  18,  1904). 

^  Metalhtrgieal  cmd  Chemieal  Engineering ,  vol.  z.,  No.  9,  p.  540  (Sept.,  1912). 

*  Year  Book,  1911,  p.  127. 

^  Journal  of  the  InsHtute  of  MeUda,  voL  iv.,  p.  163  (1910)  ;  vol.  viiL,  p.  192  (1912). 

*  Idem,  vol.  vU.,  p.  218  (1912). 
^  Idem,  vol.  viL,  p.  262  (1912). 

^^  InternaiwnaU  ZcU$ehr^  fur  Metallographie,  vol.  iii..  No.  3,  p.  195  (Dec.,  1912). 


The  Great  Palls  Flue  System  and  Chimney. 

Diflcufiaon  of  the  paper  of  C.  W.  Qoodale  and  J.  H.  Elepinger,  preeented  at  the  BoUe 
meeting,  Aagust,  1918,  and  printed  in  BtiUetin  No.  80,  Aognst,  1913,  pp.  1935  to  2010. 

Prof.  Joseph  W.  Richards,  South  Bethlehem,  Pa. : — Mr.  Chair- 
man, I  would  like  to  call  attention  to  one  valuable  feature  of  the 
paper  which  may  interest  some :  I  have  worked  a  good  deal  with  the 
Pitot  tube,  and  have  always  had  difficulty  with  what  is  called  the 
static  end  of  that  apparatus,  so  much  so  that  I  became  almost  hope- 
less of  securing  good  results  with  it.  I  find  here,  however,  what  is 
stated  to  be  a  perfectly  satisfactory  static  end  for  the  Pitot  tube,  satis- 
factory under  probably  all  conditions.  I  congratulate  Mr.  EQepinger 
on  the  design  of  that  tube  and  the  consequent  improvement  he  has 
made  in  the  technical  measurement  of  the  volumes  of  gases.  I 
would  also  like  to  ask  if  the  total  volume  coming  out  of  the  chimnej 
per  day  could  not  be  computed  by  chemical  analyses  of  the  80  and 
SO,  in  the  gases,  and  calculation  on  the  basis  of  the  known  weight  of 
sulphur  going  out  in  a  day;  so  that  the  Pitot  tube  measurements 
could  be  checked  by  a  method  independent  of  measurements  in  the 
flues. 

J.  H.  Klbpinqbr  : — I  think  the  volume  of  gases  could  be  deter- 
mined in  that  way.  Those  of  a  chemical  turn  of  mind  would  go 
about  it  so,  but  I  am  not  enough  of  a  chemist  to  follow  that  method, 
and  consequently  I  always  look  at  the  mechanical  way  to  obtain  the 
results. 

Howard  N.  Eavenson,  Gary,  W.  Va.  (communication  to  the  Secre- 
tary*) : — The  writer  has  been  much  interested  in  this  very  able  paper 
presented  by  Messrs.  Goodale  and  Klepinger,  and  particularly  so  in 
those  portions  of  it  relating  to  the  measurement  of  the  velocity 
through  the  flue  and  the  settling  of  the  dust  in  the  flue  chamher. 
The  form  of  static  pressure  end  developed  for  the  Pitot  tube  will  un- 
doubtedly give  very  good  results  with  the  velocities  measured,  but 
with  very  high  velocities — say  above  10,000  ft.  per  minute — ^it  is 
questionable  whether  the  instrument  will  be  substantial  enough  to 
resist  the  pressure  unless  it  be  made  so  heavy  as  to  materially  obstruct 
the  flow  of  gases.  The  averaging  manometer  is  an  excellent  device 
and  the  results  obtained  by  it  will  probably  be  within  the  limits  of 

*  Received  Sept  24,  1913. 
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accuracy  of  measurements  up  to  velocities  of  about  6,000  ft.  per 
minute. 

In  order  to  complete  the  data  in  the  paper,  the  writer  would  sug- 
gest that  if  any  traverses  of  the  experimental  flue  were  made,  showing 
the  different  velocities  in  various  parts  of  its  area,  that  these  be  in- 
cluded in  the  final  publication  of  the  paper. 

The  curves  shown  in  Plate  IX  of  the  relative  efficiency  of  the 
various  schemes  used  for  dust  arresting  are  evidently  based  on  the 
average  velocity  in  the  experimental  flue  of  440  ft.  per  minute  given 
in  Table  IV.  Were  any  tests  made  of  any  of  these  schemes,  using 
higher  or  lower  velocities  than  this  ?  The  wire  baffles  are  evidently 
the  most  efficient  and  economical  of  all  the  methods  tested,  at  this 
velocity,  and  probably  so  at  any  other  velocity,  but  undoubtedly  tests 
32  and  34,  with  the  open  flue,  would  have  been  much  more  efficient 
at  much  lower  velocities,  as  would  probably  test  87.  The  enormous 
volume  of  gases  to  be  handled  would  of  course  have  precluded  the 
use  of  any  scheme  involving  a  very  low  velocity — say  100  to  200  ft. 
per  minute ;  but  probably  the  various  tests  made  by  the  authors  have 
enabled  them  to  form  an  opinion  as  to  the  effect  of  lower  velocities 
on  the  efficiency  of  the  various  methods  tested. 

From  the  data  given  on  p.  1965,  the  average  weight  of  dust  in  the 
gases,  per  cubic  foot,  is  slightly  over  48  lb.  Would  this  be  a  fair 
average  weight  of  dust  in  all  experiments  ? 

Great  credit  is  due  both  of  the  authors  for  the  interesting  presenta- 
tion of  the  data  obtained  in  their  various  tests  and  in  the  succeselul 
working  out  of  their  design  of  flue  system  and  chimney,  both  in  its 
details  and  in  its  entirety. 


Hydro-Electric  Development  in  Montana. 

Diflcussion  of  the  paper  of  Max  Hebgen,  presented  at  the  Butte  meeting,  August,  1913,  and 

printed  in  BvUetin  No.  80,  August,  1913,  pp.  1910  to  1933. 

A  Mbmber  : — ^Have  there  been  any  definite  studies  made  in  the 
hydrology  of  this  system  ?  That  is  to  say,  what  is  the  total  extent 
and  area  of  the  drainage  or  catchment  basin  above  these  plants  ? 
What  is  the  total  annual  precipitation,  and  what  is  the  percentage  of 
run  off?  That  is  a  very  interesting  question  to  engineers  and  a  ques- 
tion engaging  a  great  many,  because,  unfortunately,  there  is  not  the 
amount  of  information  on  that  subject  which  there  ought  to  be. 
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Prank  Scotten,  Great  Falls,  Mont.: — There  are  a  great  many 
figures  on  the  subject,  but  I  am  not  familiar  enough  with  them  to 
quote  from  memory.  The  entire  drainage  area  has  been  figured  in 
unit  feet,  and  the  precipitation  is  well  known,  but  I  am  not  familiar 
enough  with  it  to  quote. 

Prop.  Joseph  W.  Richards,  South  Bethlehem,  Pa. : — ^I  think  this 
paper  is  a  very  fundamental  one,  because  it  goes  right  to  the  root  of 
the  future  development  of  Montana  as  a  State,  and  of  its  industries. 
It  is  exactly  in  line  with  what  is  being  done  in  other  parts  of  the 
world  where  coal  is  scarce  and  where  water  powers  are  plentiful,  and 
I  see  in  it  the  promise  and  the  prospect  of  great  development  which 
can  put  Montana  ahead  of  perhaps  many  other  States  which  have 
good  supplies  of  coal.  I  would  like  to  call  further  attention  to  one 
detail  of  the  use  of  this  power,  which  is,  that  when  a  large  amount 
of  it  is  in  use  for  traction  and  lighting,  there  are  necessarily  peab 
(speaking  in  the  electrical  sense)  where  the  power  is  used  heavily, 
and  deep  valleys  where  the  power  is  used  only  lightly.  You  should 
therefore  get  from  the  electric  power  companies  power  at  cert^dn 
parts  of  the  day  and  in  certain  parts  of  the  year  very  much  cheaper 
than  if  you  use  it  continuously.  In  the  East  we  are  finding  consid- 
erable uses  for  cheap  power  used  in  this  way  during  limited  periods, 

I  take  it  for  granted  that  in  these  mining  States  you  have  a  large 
use,  for  instance,  for  steel  castings.  I  am  told  that  you  make  verj 
few  in  Montana.  In  the  East  we  have  electric  furnace  plants  which 
are  using  power  in  the  "  valleys  "  of  the  power  supply  companies 
and  are  making  steel  castings  at  a  considerable  profit,  although  they 
are  paying  as  much  as  $60  a  horse  power-year  for  their  power.  This 
is  just  one  example  of  how  you  can  build  up  your  own  industries, 
help  yourselves  by  having  your  own  supply  of  necessary  materials 
for  the  mining  industry,  and  save  money  from  going  out  of  the  State. 
This  is  only  one  of  a  dozen  or  more  electro-metallurgical  or  electro- 
chemical industries  which  might  be  of  direct  use  to  your  people  aud 
which  certainly  could  be  established  here  within  a  short  time. 
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More  Profits  For  Drill  Users    * 

For  Fastest  Drilling  Select  Sullivan  Water-Jet  Drills 
or  Sullivan  Air-Jet  Drills 


SdUItui  Wftter-Drllb  on  epeclal  beadlog  bar. 

FOR  DRIFTING,  tunneling  and  other  holes  at  or 
near  the  horizontal,  you  can  increase  your  drilling  speed 
y.ioUhy  employing  SULLIVAN  WATER-JET, 
RECIPROCATING  TYPE  ROCK  DRILLS. 

These  machines  are  fitted  with  hollow  pistons,  and  use  hollow  steel. 
Water  and  compressed  air  are  forced  through  the  piston  and  steel  to 
the  bottom  of  the  hole,  throwing  out  the  cuttings,  preventing  sticking 
of  bits,  and  afTording  a  clean  drilling  surface  at  all  times. 

FOR  SINKING,  and  all  down-hole  drilling,  results  equally  pro- 
fitable may  be  obtained  by  using  Sullivan  Air-Jet  Drills.  These 
have  the  hollow  piston  and  use  hollow  steel,  but  not  the  water  attach- 
ment. Water  is  poured  down  the  holes  in  the  usual  way,  and  the  air- 
jet  (Exhaust  air)  does  the  rest. 

Sullivan  HY-SPEED  and  LITEWEIGHT  Drills  are  the 
only  reciprocating  piston  drilling  machines  embodying  these 
valuable  features. 

They  cost  us  more  to  make — they  cost  you  less  to  use. 


Air  CompreHors  Diamond  Drills  Coal  Cutters 

Sullivan  .Machinery  Company 

122  5o.  Michigan  Ave.,  Chicago 
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W.  &  L.  E.  QURLEY 

TROY.  N.  Y. 

LARGEST    MANUFACTURERS    IN    AMERICA 

Field  Instruments  for  Mining  and  Qvil  Engineers 


of  ACCURATE  THEItM0MBTBR5 

PHYSICAL.  AND  SCIENTIFIC  LABORATORY  APPARAltU 
STANDARD  WBIOHTS  AND  MEASURES 

BRANCH  rACTORY,  Ns.  315  UARITIHE  BUILDINQ,  SKATTLB,  WAIH. 

Send  for  Ourley's  Manual 
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"kitting 
The 
Rock" 


That's  what  the"  But- 

terBy  "  Rock  Drill  ,  . 

is  made  for — to  hit  J 
the  rock  harder, 
oftener  and  more 
of  ite  actual  work- 
ing time,  than  any 
other  drill. 

It  hits  harder  because  of  the  large  ports  mid  imss;iges,  which 
minimize  hack-pressure  and  admit  full  working  pressure 
through  the  stroke. 

It  hits  oflener  hecause  the  "Butterfly"  Valve  is  the  fastest- 
running  valve  ever  put  on  a  rock  drill — and  that  means 
the  fastest-running  drill. 

It  hits  more  of  its  actual  working  time  because  of  the  light 
weight  which  facilitates  handling  and  its  mechanical  re- 
finements which  shorten  the  time  needed  for  changing 
steels  and  other  non-drilling  operations. 

All  this  means  maximum  footage  per  drill  per  shift,  with  the 
"Butterfly"  Rock  Drill. 


INGERSOLL-RAND  CO. 

NEW  YORK  LONDON 

OffiaM  th«  World  Over 
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CAMERON 

Centrifugal  Pumps 


THE  CAMERON  Double  Suction  Volute  Centrifugal  Pump 
(illustrated)  is  the  pump  you've  been  waiting  for,  as  it  gives 
unusually  high  efficiency  at  the  lowest  maintenance  cost. 

In  design  it  is  the  most  modern,  with  a  perfectly  balanced  en- 
closed impeller,  and  a  split  casing,  which  permits  ready  access 
to  all  interior  parts  without  disturbing  any  of  the  piping — an 
advantage  that  all  practical  engineers  will  appreciate. 

Not  only  are  these  pumps  made  from  the  very  highest  grade 
materials,  but  each  and  every  part  is  carefully  finished  by  skilled 
workmen.  Each  pump  is  subjected  to  a  severe  test  to  meet  the 
maximum  requirements. 

They  are  built  in  various  sizes  and  capacities,  and  will  give 
excellent  results  in  heads  up  to  200  feet,  being  driven  by  motor, 
turbine,  gas  engine  or  belt. 

On  the  PANAMA  CANAL  Cameron  Centrifugal  Pumps  were 
adopted  after  exhaustive  efficiency  tests  made  by  the  Isthmian 
Canal  Commission.  As  a  result  of  these  tests  wc  have  since  re- 
ceived a  further  order  for  a  large  number  of  these  pumps. 

Learn  what  these  pumps  can  do  for  you.     Wrile  now  for 
Bulletin  S-D-jj,  which  will  give  you  this  information. 


A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  Y(h^ 
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They  must  be  better  or  ForeigD 
Nations  would  not  keep 
buying  them 


la  ouUtnpping  competition  in  foreign  fields,  be- 
cauae  of  iheer  meni      Forei^  nations  are  keen  £t    i^S^ 
s  of  Talue.     Thej  buy  Goodnch   conveyor  belt  ^        '*■' 
e  thev  reatiie  that  it'a  ««t  per  ton,  not  first  cost, 

Longlife  Conveyor  Belt  h«B  been  shipped  to  Canada,  ^ D»fuundUni),  Mei.  . 
Panama  Canal,  Colombia,  Chile,  Argentine  Republic,  EnKland,  France,  Bel- 
gium, Germany,  Austria,  Raasia,  Sweden,  South  Africa  and  Australia. 

The  B.  F.  Goodrich  Company 


AKRON,  OHIO 


Brmnchaa  in  AU  PriodtMl  OHm 

Thtrt  t(  nothing  m  Qoodritk  Adtrriiaiig 
Ihai  un'f  to  Qoodricli  Ooodt 


Star  Portable  Drilung  Machines 


EQUIPPED  FOB  KTEIX,  €118  OB  ELKCTBICIL  POWBB. 

For  Water  Wells— Oil  and  Gas  Wells— Mineral  Prospecting— Railroad  and  Caul 
Excsvalions— Cemeni  and  Crashed  Slone  Quanies — Bridge  Soondings— Coal 
Mine  VeDtillation- Irrigation.  Etc.  Write  Tot  Illaslrated  Cataiog. 

THE  STAR  DRILLING  MACHINE  COHPANT, 
fieMral  Onera:  AJtron.Ohlo.    BranchOflioe:  2  Ractar  St.Now  VarkClty. 

Wflrki :  Akron,  Oblo.-Chaautc.  Kanui.-Panlaad,  OnKOn.-Long  Bewih,  Cal. 

(«) 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

Tkie  nutrnmcntt  are  of  the  same  standard  quality  and  pesieu 
Ike  same  features  of  daralnlitjr  and  worlmuinship  as  the  well- 
kimrn  Weston  standard  D.  C  instruments.  They  are  so  low 
ia  price  as  to  be  within  the  reach  of  all  users  of  electrical 
instruments. 


Weston  A.  C.  instiuments  are — 
Dead  Beat 

Eztremeljr  Sensittre 

Practically  Independent  of 
~  Ware  Form  and  Tenqteratnre 

Error,  and  require  very  Little 

Power  to  iq>erate 


FOR  D.  C.  CIRCUITS  OF  SMALL         SwHcftfeud  A.C 
MINE  PLANTS  Lutmneot 

Weston  Eclipse  Ammeters,  Miluammeters 

AND  Voltmeters 

•r«  well  suited.  They  are  of  the  "  soft-iron  "  or  Electi!0> 
nui>iiotic  type,  remarkably  accurate,  well  made,  nicdy 
finished,  ana  especially  low  in  price.  Weston  Eclipse  in- 
stnunoits  are  far  in  adrance  of  all  preceding  forms  of  the 
soft4ron  types. 

Write  fen*  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverlv  Park.  Newark.  N.  J.,  U.S.  A. 

N«w  York  Offlm  :   114  Liberty  Slreei. 

L«n4an  Branoh  :  Audrey  House,  Ely  Pl&ce,  Holbom. 

Paris,  FranQB  ;  E.  H,  Codiot,  13  Rue  St.  Georges. 

■•rlin  I  Eoropean  Westoo  lostniment  Co.,  Ltd.,  Schoneberg,  Geoest  Str.,  $. 


BULLETIN',  A.  L  M.  E.— ADVERTISING  8EX?nOS. 


r^ 


BULLETIN,  A.  I.  M.  R-ADVERTISING  SECTION. 


BULLETIN,  A.  I.  M.  E— ADVERTISING  SECTION. 

UNIVERSAL  DANGER  SIGNAL 


with  tha  BKMilty  arprintl 
Id  dUftrgnt  laD(UB|«  for  Bon-EncUsh 
•pcaklBf  aapioytet.  Obc«  siplaliied 
to  them  br  ode  in  Buthorltr  <t  !■  la- 
dallblr  iBprMMd  upon  their  mlada  (er 


Thli  Bifiul  ■■  Indeilructlblc,  tht  col- 
on of  Knaraal  baloi  fuud  sd  ■  ihect  of 
Charcoal  Rollod  Bteal  uadsr  tSao  dapaaa 

all  UBde»roaBd  mloe  condmoaa.    Um 

try   to   aaolbcr   alwaya   recocoltt   aDd 
obey  thia  9isD>]. 


J.  W.  STONEHOUSE,  907-909  Eighteenth  Street, 
DENVER.  COLORADO. 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactioiu  of  the  American  InstitDte  of  Mining  Eoi^Men 

VOLUMES  I  ta  XXXV— 1871  to  10CM 
706  pag«a,  6  by  0  Ineh**. 

Bsund  In  cloth «S.OO 

Bsund  In  half-morooco $S.OO 

VOLUMES   XXXVI  t«  XL— 1906  to  1009 
16S    pagsa,  6    by  S  Inahaa. 

Bound  in  olath 91.60 

Bound  in  half-moreeee $2.60 

TkkeD  together  these  two  Jnileiea  furnish  in  convenient  form  tor  ittdj 
»tei«Dce  eTerrtbinK  at  impoiUnce  oontained  in  the  Trantaetiotu,  ud  pM 
ta  both  member  and  non-member,  whether  posaeaiing  a  «et  of  the  Tnnuaeliau 
or  not,  the  mesiu  of  ucertaiDing  at  a  miDimum  expenditure  of  tim«  and 
troabls  the  exact  conteiila  of  the  volumee  on  an;  given  nibject  of  apeeial 
intanet. 

Sent,  prepaid,  on  receipt  of  price  by 

The  Americaii  Iiutitiite  of  Mining  Engineers, 

29  WmI  39th  StTMt,  Naw  Ywk. 
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PENNSYLVANIA  CRUSHER  CO. 

NEwvoHK  PHILADELPHIA  pitt«ui.< 

HgncH  aTRiKT  Mephea  olrani   Bid's 

:c  Coke  Plant!,  Coal, 

,     KOCK,    f ='-    ■  ■  ■ 

of  olhei 

Coil  Cniihins  and 
Coal  Clonini  f>laiiti. 


Llmciteot,  Camint,   Rock,  Gypaum,  Shale,  and  a  multltDda 


COIL  CLE1NEB8 
Pl'LVEBIZEBS 
NINMLI! 
BOLL  C^CSHEBS 
DELIHATBB 
COAL  TK8TEB 


BEER,  SONDHEIMER  &  CO. 

Frankfort -on -Main,  Garm«ny 

NEW   TOBK   OFFICE        -        -        42   BBOADWAT 

Zinc  Ore*.  Carbonates,  Sulphidet  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  BnllioD,  Lead  Oret,  Antiiiica]^ 
Ore*,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  Anti- 
monial  Lead,  Sulphate  oF  Copper,  Anenic,  Zinc  Dost. 

Own  Smelting  and  Beflnii^  Works 


L  VOGELSTEIN  &  CO. 

42  Broadway  NEW  YORK 

BUYERS,  SMELTERS 
AND   REHNERS   OF 

Ores  and  Matals  of  All  Gla^os 


United  SUtii  If  atali  RcBdIde  Co.,  ChTomc,  N.  I.  and  Oraai 

.         _._      ,       .. .1 1.     ,aDeartnr,li 


1,  Ltd.,  Port  Ken 


ACCURACY  IN  MEASUREMENT." 

throBf  h  the  na*  ol 

MEASURING  TAPES 

%  TbaBDca  aanra  tha  teat,  the  bcitar  tbelr  abowlDC- 
For  aala  bjr  all  dealera.    Scad  for  Catalof  ue. 
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UNIVERSAL  DANGER  SIGNAL 


color   icbcma   thli   iljiial    do»    kw«y 

obey  thli  Slfaml 
Hide  in  ■n]'  desired  size.     Sketcfaci  uiil  piices  for  anj 
kind  of  enuneled  Eleel  ligo  fumithed  without  charge. 

J.  W.  STONEHOUSE,  907-909  Eighteenth  Street, 
DENVER,  COLORADO. 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  TranMctMHU  of  tbe  American  lostiMe  of  MiniDS  EagiMoi 

VOLUMES  I  tc  XXXV— 1871  ts  1004 
T06  pag**,  6  by  0  Inehoa. 

Bound  in  eloth, «S.OO 

Baund  In  half-moroeoo $0.00 

VOLUMES  XXXVI  to  XL— 1006  to  1900 
180    pagan,  6   by  O  inohaa. 

Bound  In  oloth, $1.60 

Bound  In  half- marooeo, $2.60 


Taken  together  these  two  inHeies  tiiniuh  in  convenient  form  for  itadj 
referenoe  eTervthinic  of  importance  cootained  in  the  Tramaetiam,  uid  pM 
to  both  menbeV  and  non-member,  whether  poHewing  a  let  of  the  Tnmtacliau 
or  not,  the  means  of  ucertuoin^  at  ■  minimum  ezpendittire  of  dme  and 
tionble  the  exact  eontenia  of  the  volumes  on  anj  given  subject  nf  apaoial 
inlareat 

Sent,  prepaid,  on  receipt  of  price  by 

The  American  Iiutitute  of  Mining  Engineen^ 

20  Waa  39lb  Straat,  Now  YmL 
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PENNSYLVANIA  CRUSHER  CO. 

PtTTSflunaH 


Coal  Cruihlac  and 
Cm!  ClesDinc  Plaeti. 
HAMXKB  CBU8HSE8 


BOLL  r^rSHEBS 
DELIHITEB 
COAL  TENTKB 


BEER,  SONDHEIMER  &  CO. 

Fr«nkfort-on-M»tn,  Oermany 

KEW   YOBK   OFFICE        -        -        42   BROADWAY 

Zinc  Oi«a,  Carbonates,  Solphidet  and  Hiied  Ores,  Copper  Oro, 
Coj^WT  Matte,  Copper  Bullion,  Lead  Ballion,  Lead  Oret,  Antimooy 
Orel,  Iron  and  Mai^anese  Ores,  Copper,  Spelter,  Antimonj,  Anti- 
moQial  Lead,  Sulphate  of  O^jper,  Anenic,  Zinc  Dust. 

Own  SmelUug  and  Beflning  Works 


L  V0GEL5TEIN  &  CO. 

42  Bro>dw«r  NEW  YORK 

BUYERS,  SMELTERS 
AND   REFINERS   OF 

Ores  and  XHXetals  of  All  Glassos 

Aim  Hlnch  ft  Bob  n,  HalbcnUdt,  Oetmuy. 

United  StatH  llctala  Rc&alng  Co.,  Cbrome,  N.  J.  and  Qcaaactll,  Ind. 

AmericBD  Zinc,  L,ead  ft  SmcEtlDI  Co.,  Caney  anS  DcarioE.  Xaaau. 

Kaaaaa  Zinc  Co.,  La  Harpc.  Kanaaa. 

Tba  Klactrolytic  Refinioi  ft  BmcIllDi  Co.  of  Auatralia,  Ltd.,  Port  Kembta,  N.  B.  1 


ACCURACY  IN  MEASUREMENT." 

la  beat  obtained  tbrontb  the  uae  ol 

fUFK/N 

MEASURING  TAPES  * 

■  Tb*  more  aevare  tba  teat,  tha  better  their  afaowlni. 
For  eala  br  all  daalera.     Bend  Tor  Cataloiac. 


A  DIRECTORY  OF  MINING  AND 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  Wisoonsin. 

MINING  MACHINERY  of  Every  Type.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  AUis- Chalmers,  Lfimited, 
Toronto,  Ont. 


ANSON  G.  BEnS 

NEW 

Troy,  N,  Y, 

Electrolytic    Lead    Refining;      Zinc    Recoveiy   from 

PROCESSES 

Complex  Ores;      Laboratories  for  Metallmcical  Re- 

search. 

WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  CO. 

New  York.  St.  Louie.  Seattle. 

FACTORICS  :    ST.    LOUIS  AND   SCATTLC. 

Manufacturers  of  •< YELLOW  STRAND"  and  other 
Hi^b  Grade  Wire  Rope ;  also  AERIAL  WIRE  ROPE 
TRAMWAYS. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 
C0MPRC880R8 

PNCUMATIC 

TOOLS  AND 

APPLIANCES 

MOTORTRUCKS 


CHICAGO  PNEUMATIC  TOOL  CO. 

Chioago.  Now  York.  London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES, 
MOTOR  TRUCKS. 


CHROME  STEEL  WORKS 

SHOES 

Chroma,  N.J. 

AND 

Adamantine   Chrome   Steel    SHOES    and    DIES    for 

Stamp    MUls.      CANDA    SELF-LOCKINQ    CAMS; 

DIES 

TAPPETS;  BOSSHEADS;  CAM  SHAFTS;  STAMP 

STEMS. 
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THE  DENVER  FIRE  CUY  CO. 

Denver,  Colo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  MufiBes,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


A88AYERS 

AND 

CHEMISTS 

SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

D«nv«r,  Colo.        El  Paso,  Tax.        Now  York  City. 
Salt  Lako  City,  Utali.  San  Franolaoo,  Cal. 

MANUFACTURERS  OF  WAUGH  DRILLS. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


EDISON  STORAGE  BAHERY  CO. 

Orango,  N.  J. 

Manufacturers  of  the  EDISON  STORAGE  BATTERY 
lor  Mine  Haulage.    Write  for  descriptive  bulletin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Solionootady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 
MINE 


LOCOIMOTIVCS 


GOODMAN  MANUFACTURING  CO. 

Chioago,  lllinola. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


CLCCTRIC 
COAL  CUTTERS 

IMINE 
LOCOIMOTIVE8 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  '«Longlife"  *«  Mazecon"  ft  "Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 

cost  than  any  other  belts  made. 

1 
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BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


HARBISON-WALKER  REFRACTORIES  CO. 

Pittsburgh,  Ptonna. 

Refractories  of  bigheat  grade  for  Blast  Furnace  and  ths 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelttng 
plants,  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and.  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


HARDINGE 

BALL 
AND 


MILLS 


HARDINGE  CONICAL  MILL  CO. 

New  York,  N.  Y. 

Manufacturers  of  the    HARDINGE    BALL  and 
PEBBLE    MILLS  for  fine  and  granular  crushing. 


SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Peru,  III. 

Manufacturers  of   SPELTER,    SHEET    ZINC 
SULPHURIC  ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  New  York. 

*'Retnm- Air"  Pumps,  Coal  Shearers,  Pneumatic 
*«Blectric-Air'*  Drills,  Coal  Punchers,  Pneumatic  Tools, 
•*Calyz*'  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


THE  JEFFREY  MFG.  CO. 

Columbus,  Ohio. 
Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Fans,  Hoisto, 
Pumps,  etc. 


COAL 

MINING 

MACHINERY 


LEAD  LINED  IRON  PIPE  CO. 

Wakefield,  Maaa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 
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A.  LESCHEN  &  SONS  ROPE  CO. 


m  wounam  m  tbam 


T«ik       Oicig*         St.   Louis,   Mo.      D««w     SnFraadM* 

Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economic^  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MASHEK  ENGINEERING  CO. 

90  West  St.,  Now  York. 

Complete  plant  equipments  4,  8,  16  and  35  tons  of  a  to 
3  ox,  smokeless  and  odorless  briquettes  per  hour.  Com* 
plete  plants  designed  and  erected. 


BRIQUETTING 
MACHINERY 


OTIS  ELEVATOR  COMPANY 

EUvonth  Ave.  and  Twonty-Sfxth  St.,  Now  York. 
orriccs  in  all  principal  citics  or  the  world. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — including  Furnace 
Hoists,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Conrespondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PENNSYLVANIA  CRUSHER  CO. 


New  York 

50  Charch  Street 


FltUburch 

Machesncy  Bld*g 


Philadelphia 

Stephen  Glrard  Bld*v 

Complete  Coal  Crushing  and  Coal  Cleaning  Plants; 
Crushing  Machinery  for  By-Product  Coking  Plants; 
Crushers  and  Pulverizers  for  Coal,  Cement,  Rock,  Lime- 
stone, Gypsum,  and  a  multitude  of  other  materials. 


HAMMCR 
CRU8HER8 

BRADFORD 
COALCLCANCRf 

PULVERIZERS 

SINGLE  ROLL 
CRUSHERS 

DCLAMATCR 
COAL  TESTER 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  Now  York. 

Messiter  ORE  BEDDINQ  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 


ROBINS 

BELT 

CONVEYORS 


JOHN  A.  ROEBLING'S  SONS  CO. 

Tronton,  N.J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 

TTT) 


WIRE 
ROPE 
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POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

QAS 

EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Conn«rsvilie,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Bloi 
for  Smelting,   Foundry  and   Filtration  Work.    Write 
for  Catalogue. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offices:  Akron,  O. 
Branch  Office  :  2  Rector  St.,  New  York  City. 

W«rks:  Aknm  Olte.--ChaMlt,  K«MM.-fMllu4. OngM.-i.««  WmA, CaL 


Manufacturers  of  PorUble  Well  Drilling  Machinery, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electrical  Power. 


SIGNS 

FOR 
MINES 


THE  STONEHOUSE  gj^  MINE  SIGNAL  CO. 

Denver,  Cclcradc. 
Manufacturers  of  signs  for  mines.     Our  **  Universal 
Danger  Signals  "  prevent  accidents  and  save  lives.    No 
mine  should  be  without  them.    They  wear  a  lifetime. 
Special  signs  made. 


ROCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  III. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Pans. 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 


Alt  LOCOMOTIVES 

BREiOaK  HACMIIIERT 

COAL-WASHING  PLANTS, 

CON  VETING  HACHINERT 

CtUSHING  HACHINERT 

GASOUNELOCOMOTiVES     Vttlcan  Electric  Mine    Hoists,  Steam  Hoists,  Hoist- 

"^Ecmnert"^"""^    ^  *nd   Haulage    Engines,  Mining    Machinery,   etc 

ramirSrw^^        Nicholson  Device  for  Prevention  of  Overwinding. 


AMMETERS 

AND 

VOLTMETERS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waveriy  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETBRS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 
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A  NEW  VOLUME 

EMMONS'  ORE-DEPOSITS 

A  eonHmuUion  <^  the  *^Po9epny**  Volume 

Comprieing  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

OonterUs. 

Oenesia  of  Certain  Ore-DepositB.    By  S.  F.  Bm m ONS. 

Strnctural  Belatlons  of  Ore-DepodtB.    By  S.  F.  Emmons. 

Geological  Dlfltrlbation  of  the  Usefal  Metals  in  the  United  SUtes.    By  S.  F.  Emmons.    Disous- 

alon,  by  John  A.  Church,  Arthur  Wznblow,  S.  F.  Emmons,  and  William  Hamilton 

Mbrbitt. 
Torsional  Theory  of  Joints.    By  Okoroe  F.  Bkckkr.    Discussion  by  H.  M.  HowK,  R.  W.  Rat- 

MOND,  C.  R.  BoTD,  and  George  F.  Becker. 
AUotzoplsm  of  Gold.    By  Henrt  Louis. 

Snperflcial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 
Some  Mines  of  Roeita  and  Silyer  Cliff,  Colorado.    By  S.  P.  Emmons. 
Genesis  of  Certain  Aariferous  Lodes.   By  John  R.  Don.    Discussion,  by  Joseph  Le  Contb,  8. 

F.  Emmons,  G.  F.  Becker,  Arthur  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 
Influence  of  Country-Rock  on  Mineral  Veins.    By  Walter  Hartey  Weed. 
Igneous  Rooks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 
Consideration  of  Igneous  Rocks  and  Their  Segregation  or  Differentiation  as  Related  to  the 

Occurrence  of  Ores.    By  J.  E.  Sfurr.    Discussion,  by  A.  N.  Winchbll. 
Chemistry  of  Ore-Deposition.   By  Walter  P.  Jennet.    Discussion,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  Walter  Harvey  Weed.    Discussion,  by  W.  L. 

Austin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.   By  Walter  Harvey  Weed. 
Basaltic  Zones  as  Guides  to  Ore-Deposits  in  the  Cripple  Creek  District,  Colorado.    By  E.  A. 

Stevens.  * 

Geological  Features  of  the  Gold-Production  of  North  America.    By  W.  Lindoren.    Discus- 
sion, by  W.  G.  Miller,  and  W.  L.  Austin. 
Osmosis  as  a  Factor  in  Ore-Formation.    By  Halbrrt  Powers  Gillette. 
Ore-Deposits  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 
Genesis  of  the  Copper-Deposits  of  Clifton-Morenci,  Arizona.    By  W.  Lindgren. 
Copper-Deposits  at  San  Jose,  Tamaulipas,  Mexico.    By  J.  F.  Kemp. 
Magmatio  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencer. 
Genetic  Relations  of  the  Western  NevadaJOres.   By  J.  E.  Spurr. 
Are  the  Quarts  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation?   By  J.  B. 

HASnNGB. 

Oocurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindoren. 

Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron- 
Bearing  Series.    By  C.  K.  Leith. 

GeologicaLRelatlons  of  the  Scandinavian  Iron-Ores.    By  H.  Sjogren. 

Fonnation  and  Enrichment  of  Ore-Bearing  Veins.  (With  Supplementary  Paper.)  By  George 
J.  Bancroft. 

Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 

Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-De- 
posits of  the  United  SUtes.    By  W.  H.  Emmons. 

Cognate  Papers. 

Bibliography  of  the  Science  of  Ore-Deposits.  By  J.  D.  Irving,  H.>D.  Smith,  and  H.  G.  Fer- 
guson. 

The  Yolome  contains  also  a  Biographical  Notice  of  Dr.  EmmooB  by  his  asso- 
ciate and  friend.  Dr.  Geoige  F.  Becker,  and  a  comprehensive  Biographical  Index 
of  the  Science  of  Ore-DepositB,  prepared  hy  Vroi.  John  D.  Irving,  of  the  Sheffield 
Scientific  School  of  Yale  University. 

Price,  bound  in  cloth,  $5;  in  half  morocco,  $6. 

AMERICAN  INSTITUTE  OP  MINING  SNQINEBRS 

ag  West  agth  St.,  New  York,  N.  Y. 
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PROFESSIONAL  CARDS 

ALDRIDeE,  WALTER  H. 

CoiMvltlBC  If Iniac  i^d 
If  stiaivffTGal  BAclBMr 

14  WaU  Btreel                 KXW  TOBK 

COULDREY.  PAUL  S. 

MhilRf  EftflMer 

General  Mining  Saperiatendaat 
Caaao  »■  PAaco  Mnmra  Co. 

CERRO  it  PA8G0,  PERU 
SOUTH  AMERICA 

ARMSTEAD.  Henry  Howell 

CtBSBltlng  EnglBetr 

20  BroadwET 

NEW  YORK 

AfwilMlo  6s,  QnaiiAJiuito,  Mexico 

6ARZA-ALDAPE.  J.  M. 

MlBlBg  aad  MBtillBrgicBl  EnglBMr 

BxPOBTB  OK  Mexican  Mtkeb 

AddreSB :  Calle  de  Bodrignes  No.  5 
(P.  0.  Box  No.  225) 

TORREdnt-COAHUILA-MEXICO 

BEATTY,  A.  CHESTER 

Contuttiiifl  Mlnliifl  EnQinMr, 
71  BnMdwty, 

NEW  YORK,  N.  Y. 

ObleAddiai: 

Oraiittlc. 

HAMMOND.  JOHN  HAYS, 

CiMBltlBg  EBflBBBr, 
71  Bioadway.              NEW  YMK. 

BREWER,  WM.  M. 

mid  CwBJwgift, 

F.  0.  Box  TOl,             TIOTOBLL,  B.  0. 

CoBBwtad  with  the  Tyee  Copper  Co.,  Ltd. 

BURCH,  H.  KENYON 

MeehMiMl  Mi  MetaUargieftl  Bafiseer . 
Care  iMflralkB  CiBMBietel  Cepper  Co. 

■lAU.  GIU  COUimr.  ABBORA 
Paelgnar  and  BvUdar  of 

c^^^i^tmm  Coacentnitioii  of  Orel. 
SP«a«"«*  Economic  Handling  of  Material!. 

HANKS.  ABBOT  A. 

Chralst  BBd  ABBtyer 

EetabUshed  s866 

Control  and  Umpire  Aaeays^  Snperri- 
sion  of  Sampling  at  Smeltcn,  Chemical 
Anaiyeet   of  Ores,    Miaomla,    Miaena 
Waters^  etc. 

IMBMiiMitoBi    Bbb  FrtBoiBet,  CbI. 

CHANNING,  J.  PARKE 

CoBSBltlBf  EBglBBer, 
^  Broadway,              NEW  YORK. 

HARDMAN,  JOHN  E. 

CMBBltlBg  MiBiBg  EBflMBT. 

Room  6oi,  Royal  Tnut  BuOding, 

MONTREAL,  GANAOA. 
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the  Soci^ti  John  Cockerill,  Seraing,  Belgium.    By  Emile  Hierts,         ....    3835 

Proceedings  of  the  One  I^undred  and  Sixth  Meeting,  New  York,  N.  Y.,  October,  19x3,    3837 

Discuasion  of  the  papers  of  Messrs.  Howe  and  Levy,  Burgess,  Crowe  and  Rawdon, 
and  H.  M.  Howe,  The  Position  of  Ae3  in  Carbon-Iron  Alloys.  By  Alfred  Stansfield, 
and  Others, 3841 

Discussion  of  Mr.  Barnhurst's  paper,  The  Use  of  Pulverised  Coal  as  a  Fuel  for  Metal 


lurgical  Furnaces.    By  H 


's  paper.  The  use  ot  Fuivenxea  v;oai  as  a  ruei  xor  Metai- 

.  R.  Barnhurst,  and  Others 3857 

Diacussion  of  Mr.  Lee's  paper,  The  Use  of  Nodulized  Ore  in  the  Blast  Furnace.    By 

J.  E.  Johnson,  Jr.  and  Henry  M.  Howe, 3864 

Diacnssion  of  the  paper  of  Messrs.  G.  K.  Burgesaand  J.  J.  Crowe,  The  Critical  Ranges 

A3  and  A3  of  Pure  Iron.  .By  Henry  M.  Howe,  and  Others, 3870 

Discussion  of  Mr.  Abbott's  paper,  The  Influence  of  Various  Elements  on  the  Absorp- 
tion of  Carbon  by  Steel.    By  Albert  Sauveur,  and  Others, 3890 

Discussion  of  Mr.  Stone's  paper,  Note  on  the  Utilisation  of  the  Waste  of  Regenera- 
tive Furnaces.    By  D.  S.  Jacobus,  and  Others, 3893 

Discussion  of  Mr.  Stiitx's  paper,  The  Scoria  Process  for  the  Manufacture  of  Fine-Ore 
Briquettes,  Flue-Dust  Briquettes,  and  Slag  Brick  for  Building  Purposes.  By  H. 
O.  Rofman,  and  Others, 3899 

Discussion  of  Mr.  Hall's  paper.  Shock  Tests  of  Cast  Steel.    By  William  R.  Webster, 

and  Others, 3904 

Discussion  of  paper  of  Messrs.  G.  Howell  Clevenger  and  Bhupendranath  Ray,  The 
Influence  of  copper  Upon  the  Physical  Properties  of  Steel.  By  Allerton  S.  Cush- 
man  and  Robert  W.  Hunt, 3936 

Discussion  of  the  paper  of  Messrs.  W.  R.  Shimer  and  F.  O.  Kichline,  Over-Oxidation 

of  Steel.    By  Allerton  S.  Cushman,  and  Others, 3941 

Discussion  of  Mr.  Forbes's  paper.  The  Cleaning  of  Blast-Furnace  Gas.    By  Samuel 

K.  Vames,  and  Others, 3953 

CorYBIOHT,  1913,  BT  THE  AMEBICUC  InSTITUTX  OP  MlMINO  BMOINBXRS. 
TECHBUCAL  JOURlfALS  AND  OTBKB8   DSSIBIMG   TO  RKPUBLI8H  ABTICLE8  OONTUNKD  IN  THIS 

BULLETIN  BUOVJJ}  apply  por  pebmission  to  the  Editob,  at 
29  Wbbt  39th  Street,  New  York,  N.  Y. 


No.  3  RECRINDINC  PLANT 

CALUMET  k   HECLA  MINING  CO. 

CONTAININC 

64 
HARDINGE  MILLS 

THESE  MILLS  ARE  8  FT.  IN  DIAMETER 
WITH  STRAIGHT  CYLINDERS,  18  IN.  LONG. 
THEY  ARE  ALL  CONNECTED  BY  SINGLE 
REDUCTION  HERRINGBONE  GEARS  TO  IN- 
DIVIDUAL  MOTORS. 


HARDINCE   CONICAL   MILL   CO. 

BO  CHURCH  STREET 
NEW  YORK 


Local  Sal**  Agonta  : 
Salt  Laka  City,  Utali— MIn*  &  Sm*lt*r  Supply  Co. 
D*nv*r,  Colo.— H*ndrl*  &  B«ith*ff  Mfg.  &  Supply  Ca. 


One  Thousand  Missing  Members. 


During  the  first  six  years  of  the  Twentieth  Century  In- 
stitute membership  increased  from 

2661  to  3884  MEMBERS. 

At  this  rate  of  progress  we  should  have 

5311  MEMBERS 

on  January  1,  1914. 

But  we  shall  on  that  date  actually  have  less  than  4300 
members,  notwithstanding  that  the  year  1918  has  brought 
in  the  greatest  number  of  new  members  in  the  history  of 
the  organization. 

One  thousand  eligible  men  should  have  joined,  but  have 
not. 

You  know  one  or  more  of  them ! 

Send  him  the  attached  application  blank  with  your  rec- 
ommendation that  he  become  a  member,  and  tell  him  why 

you  recommend  it. 

Sincerely  yours, 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP. 

Adolphb  E.  Bokib,  Chairman, 
Thomas  T.  Reap,  Secretary^  Woolworth  Bldg.,  New  York,  N.  Y. 


John  H.  Allxn, 

RiOHARD  M.  AtWATEB, 

Gbobgk  D.  Babbon, 
A.  Chssteb  Beattt, 
J.  Parks  Channing, 

B.  C.  Baid, 

W.  de  L.  Benedict, 
John  C.  Branner, 
Palmer  Carter, 
Allan  J.  Clark, 

C.  R.  Coming, 
F.  Crabtree, 
Oeoige  G.  Crawford, 
O.  C.  Dayidson, 

E.  V.  lyinvillierB, 
James  8.  Douglas, 
Walter  Dooglas, 
Howard  N.  Eavenson, 
Howard  Eckfeldt, 
B.  C  Gemmell, 


Vice^C^uurmen, 

GbOBGB  M.    COLYOCOBXflSSS, 

Jb.,  Robebt  Pbele, 

Chablbb  P.  Pebin, 
Joseph  A.  Vak  Mateb, 
Abthub  L.  Waleeb. 


F.  Louis  Grammer, 
Ernest  A.  Hersam, 
Edwin  C.  Holden, 
William  L.  Honnold, 
Walter  E.  Hopper, 
Reginald  E.  Hore, 
Tadashiro  Inouje, 
C.  Colcock  Jones, 
Eugene  P.  Kennedy, 
Chester  F.  Lee, 
Richard  S.  McCaffery, 
James  F.  McClelland, 
Milton  H.  McLean, 
Philip  N.  Moore, 


T.  H.  aBrien, 
James  J.  Ormsbee, 
Edward  W.  Parker, 
John  B.  Porter, 
F.  Danvers  Power, 
R.  M.  Raymond, 
Charles  lUiodes, 
Robert  H.  Richards, 
LeRoy  Salsich, 
Henry  Lloyd  Smyth, 
F.  W.  Tiaphagen, 
Elton  W.  Walker. 
Cho  Yang, 
Morrison  B.  Yung. 


EVERY  BULLETIN  CONTAINS  AN  APPUCATION  BLANK. 


AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39tli  Street,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  In  Full) 


Occupation. 


Address. 


is  hereby  proposed  hy  the  undersigned,  eus  a. 


of  the  American  Institute  of  Mining  Engineers. 


Bignatures  of  three 

Members  or 

Afisociatea. 


Plcuce  of  births 


Year  of  birth. 


Edubcation,  general  aiid  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 


Dates 


Record  of  ejcperience.  Briefly,  the  past  and  present  einploj/ment, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
Tunnes  of  companies,  etc,  should  be  written  without  abbreviaMons.) 


Dates 


Present  position. 


JSi^fuiture. 


Dated. 
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EXTRACTS  FROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  clnwMMi,  namely:  1.  Memben;  2.  Hon- 
orary Members ;  8.  Associates ;  4.  Junior  Members.  •  •  • 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  for  membenhip  in  the  In$t[tute,  namely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  cbemiBts,  and  all  persons 
actively  ciigagod  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Aaaoeiat^  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Dlreetoxs 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  sehooUi  who  haTe  not  taken  their 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  •  •  • 

Every  candidate  fur  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membenhip,  as  pre- 
acribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 


Aug.  :4,  i9:.e. 

Bequest  of 
HraBZQus  Darwin  Leaviiti 

BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS. 


No.  84  DECEMBER  1913 


PUBLISHED  MONTHLY 

BY  THB  AMERICAN  INSTITUTE  OP  MINING  BNGINBBR8 
at  Z14  to  Z98  N.  Seventh  St.,  Philadelphia,  Pa. 

Guy  R.  Overeod,  Publication  Manager. 

Editorial  Office,  99  Weat  39th  St.,  New  York,  N.  Y. 

Bradley  Stoughton,  Editor. 

Cable  address, "  Aime,*'  Western  Union  Telegraph  Code. 

Subscription  (including  postage),  $xo  per  annum ;  to  members  of  the  Institute,  public  libraries, 
educational  institutions  and  technical  societies,  $5  per  annum.  Single  copies  (including  postage), 
#1  each ;  to  members  of  the  Institute,  public  libraries,  etc.,  50  cents  each. 


Entered  as  second  class  matter,  October  x6,  zgzz,  at  the  post  office  at 
Philadelphia,  Pa.,  under  the  Act  of  March  3,  1879. 


AN  UNUSUAL  OPPORTUNITY  FOR  INSTITUTE 

MEMBERS 

to  increase  or  complete  their  sets  of  the  Transactions, 

In  order  to  encourage  the  custom  of  members  increasing  each  year  the 
number  of  Volumes  of  the  Transactions  in  their  private  libraries  until  the 
sets  are  complete,  the  Board  of  Directors  has  authorized  the  sale  of  Trans- 
actions jprevioMS  to  the  year  1913  at  the  following  greatly  reduced  rates. 
This  offer  is  made  effective  for  sales  made  only  during  the  year  1914,  and 
applies  only  to  members  in  good  standing,  and  to  libraries.  The  reduced 
price  automaticallv  ceases  to  apply  to  any  volume  when  the  total  number 
of  such  volume  left  in  stock  is  reduced  to  fifty  (50). 

45  volumes,  Nos.  1-44,  inclusive,  except  10, 

but  including  Indexes  1-35  and  36-40, 

P.O.B.,  New  York 
Any  20  volumes,  except  10 
Any  10  volumes,  excepft  10 
Any    5  volumes,  except  10 
Any  volume,  except  9  and  10 
A  limited  number  of  Volume  10  (each) 


Unbound. 

Half  Morocco, 

$20.00 

$65.00 

10.00 

30.00 

7.00 

17.00 

4.00 

9.00 

1.00 

2.00 

25.00 
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BOARD  OF  DIRECTORS. 

Meeting  of  Nov.  21, 1913. — The  President  reported  the  appointment  of 
the  officers  and  members  of  the  Committee  on  Non-Metallic  Minerals, 
published  elsewhere  in  this  Bulletin, 

The  President  appointed  the  Executive  Committee  of  the  New  York 
Section  as  a  local  committee  to  have  charge  of  the  Annual  Meeting  of  the 
Institute  in  February,  1914,  with  power  to  add  to  their  numbers. 

It  was  voted  that  the  Chairman  of  each  Technical  Committee  be  made 
ex  officio  a  member  of  the  Committee  on  Papers  and  Publications. 

At  the  request  of  the  Secretary,  Burr  A.  Kobinson  was  appointed  Assis- 
tant Secretary  of  the  Institute. 

E.  Gybbon  Spilsbury  was  nominated  as  representative  of  the  Institute 
on  the  John  Fntz  Medal  Board  of  Award. 

It  was  voted  that  the  next  summer  meeting  of  the  Institute  be  held  in 
Salt  Lake  City  in  August,  1914,  with  power  to  the  Executive  Committee 
to  fix  the  exact  date. 

Substantial  reduction  was  made  in  the  price  of  the  back  Transactions  of 
the  Institute  in  accordance  with  the  notice  published  on  p.  i  of  this  BuHetin. 

The  By-Laws  of  the  Montana  Local  Section  were  approved. 

The  printing  contract  for  the  year  1914  was  made  with  the  Maple  Press. 

Thirty-eight  Members,  one  Associate  and  three  Junior  Members  were 
elected. 


19x4  DUES. 


All  dues  are  payable  in  advance  on  the  first  day  of  each  calendar  year, 
in  accordance  with  Article  III,  Section  1,  of  the  Constitution.  Many 
members  have  been  in  the  habit  of  paying  their  dues  at  the  end  of  the 
year,  but  the  Constitution  decrees  that,  if  any  Member,  Junior  Member  or 
Associate  is  in  arrears  for  four  months,  the  Bulletin  shall  no  longer  be  sent 
to  him,  and  he  shall  be  notified  by  the  Secretary  of  the  Institute  that  no 
publications  will  be  sent  him  until  his  arrears  are  paid.  The  Constitution 
also  provides  that  a  notice  to  this  effect  shall  be  published  in  the  last 
number  of  the  Bulletin  of  each  calendar  year,  and  that  any  Member,  Junior 
Member  or  Associate  in  arrears  for  one  year  shall  be  dropped  from  the  rolls. 


Dressing  Rooms  at  Headquarters. — The  Institute  maintains  at  its 
headquarters  in  New  York  free  dressing  rooms,  which  are  available  to 
members  between  the  hours  of  7  a.m.  and  midnight.  Any  of  the  elevator- 
men  will  advise  where  the  rooms  are  located,  and  members  can  obtain 
access  to  the  building  even  after  the  front  door  is  closed  by  ringing  the 
bell  provided  for  that  purpose. 
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EMMONS  VOLUME  ON  ORE-DEPOSITS. 

A  continuation  of  th^  "  Posepny  "  Volume, 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  edited,  wim  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volume 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  bv  his  associate  and 
friend,  Dr.  George  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  preparea  by  Prof.  John  D.  Irving,  of  the 
Sheffield  Scientific  School  of  Yale  University.  Dr.  Emmons  had  finished 
his  editorial  wot^l  and  written  his  Introduction  before  his  lamented  death 
in  1910 ;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  as 
the  foremost  authority. 

Contents. 

Geneds  of  Certain  Ore-Depodto.    By  8.  F.  Emmons. 

Stractaml  Relations  of  Ore-Deposits.    By  8 .  F.  Emmons. 

Geolofdcal  Distribation  of  the  Usei^il  Metals  In  the  United  States.    By  S.  F.  Emmoms.     Discussion,  by 

John  A.  Church,  Abtbub  Winslow,  S.  F.  Emmons,  and  William  Hamilton  Mbrritt. 
Torsional  Theory  of  Joints   By  Okobob  F.  Bbckbr.  Discussion,  by  H.  11.  Howb,  R.  W.  Raymond,  C.  R. 

BoTD,  and  Gbobob  F.  Bxckeb. 
AUotropism  of  Oold.    By  Hbnby  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  PENROfiK,  Jr. 
Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.    By  S.  F.  Emmons. 
Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discussion,  by  Joseph  Lb  Contb,  8.  F.  Emmons, 

6.  F.  Bbckbb,  Abthub  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 
Influence  of  Country-Rock  on  Mineral  Veins.   By  Walteb  Harvey  Weed. 
Igneous  Rocks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 
Oonsidenuion  of  Igneous  Rocks  and  Their  S«gregatlon  or  Differentiation  as  Related  to  the  Ooounenoe 

of  Ores.    By  J.  E.  Spubb.    Discussion,  by  A.  N.  Winchell. 
Chemistry  of  Ore-Deposition.   By  Walteb  P.  Jenney.    Discussion,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  Walter  Harvey  Weed.    Discussion,  by  W.  L.  Austin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.    By  Walter  Harvey  Weed. 
Basaltic  Zones  as  Guides  to  Ore-Depobits  in  the  Cripple  Creek  District,  Colorado.    By  E.  A.  Stbybns. 
Geological  Features  of  the  Oold-Production  of  North  America.    By  W.  Lindoben,    Discussion,  by  W. 

0.  Millbb  and  W.  L.  Austin. 
Osmosis  as  a  Factor  in  Ore-Formation.    By  Halbert  Powers  Qillbtte. 
Ore-DepositB  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 
Genesis  of  the  Copper-Deposits  of  Clifton-Morenci,  Arlsona.    By  W.  Lindoren. 
Copper-Deposits  at  San  Jose,  Tamaulipas,  Mexico.    By  J.  F.  Kemp. 
Msgmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencer. 
Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  E.  Spurr. 

Are  the  Quarts  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatlc  Segregation  T    By  J.  B.  Hastinos 
Occurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindoben. 
Summary  of  Lake  Superior  Qeology  with  Special  Reference  to  Recent  Studies  of  the  Iron-Bearing 

Series.    By  C.  K.  Leith. 
Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  SjOgben.  . 
Formation  and  Enrichment  of  Ore-Bearing  Veins.    (With  Supplementary  Paper.)     By  Qeobob  J. 

Bancbopt. 
IHstribution  ol  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 
Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of 

the  United  States.    By  W.  H.  Emmons. 
Cognate  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.   By  J.  D.  Irving,  H.  D.  Smith,  and  H.  O.  Ferguson. 

The  volume  contains  1002  pages.  Price,  bound  in  cloth,  $5 ;  in  half 
morocco,  $6.  Both  the  Emmons  and  the  Posepny  Volumes  on  Ore- 
Deposits,  bound  in  cloth,  $8 ;  in  half  morocco,  $10. 


READY  FOR   DISTRIBUTION. 
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PERSONAL. 

(Memben  are  urged  to  send  in  for  this  colamD  any  notes  of 
interest  concerning  tfaemselyes  or  their  fellow-memberB.) 

Members  and  visitors  who  registered  at  Institute  headquarters  during 

November : 


George  W.  Otterson,  Mauflon,  B.  C. 
B.  Lr.  C.  Ajrres,  Bound  Brook,  N.  J. 
M.  Russell,  Bound  Brook,  N.  J. 
Carlo  Spruyt,  Antweip,  Belgium. 
Charles  A.  Pringle,  San  Francisco,  Cal. 
B.  S.  Bardwell,  Great  Falls,  Mont. 
Sir  Robert  Hadfield,  London,  England. 
James  A.  Barr,  San  Francisco,  Cai. 


Roy  H.  Allen,  Chihuahua,  Mexico. 
George  A.  Packard,  Boston,  Mass. 
Richard  C.  Patterson,  Jr.,  Kansas  Citj,  Mu. 
Francis  C.  Phillip,  Pittsburg,  Pa. 
M.-H.  Kuryla,  Mexico  City,  Mexico. 
Arthur  Chippendale,  Mexico  City,  Mexico. 
P.  Danvers  Power,  Sydney,  Australia. 


Alexander  H.  Smith  has  been  placed  in  charge  of  the  Teck-Hughes 
mines,  Kirkland  Lake,  Ontario,  Canada. 

Stanley  A.  Easton  and  James  F.  McCarthy  are  members  of  a  com- 
mission appointed  by  the  Governor  of  Idaho  to  draft  a  workingmen's 
compensation  act  for  that  State. 

J.  Campbell  Besley,  Life  Member,  has  resigned  from  the  Institute. 

J.  V.  N.  Dorr,  of  the  Dorr  Cyanide  Machinery  Co.,  has  opened  an 
office  at  50  Church  Street,  New  York,  N.  Y. 

J.  O.  W.  Applegren  has  accepted  a  position  as  Metallurgist  and  Mill 
Superintendent  with  the  Curtz  Consolidated  Mines  Co.,  Idogul,  Alpine 
county,  Cal. 

Edwin  G.  Banks  has  been  made  General  Superintendent  of  the  Waihi 
gold  mine,  Auckland,  N.  Z. 

Henry  Kehoe  has  been  appointed  engineer  in  charge  of  mining  opera- 
tions of  the  London-Arizona  Consolidated  Copper  Co.,  Pinal  county,  Ariz. 

Archie  M.  Hazard  is  installing  a  mill  for  Cristobal  Dilon  at  his  copper 
properties  in  Chacarilla,  Bolivia. 

Willet  G.  Miller,  LL.  D.,  Provincial  Geologist,  was  tendered  a  dinner 
by  the  foremost  mining  men  of  Canada  at  the  Toronto  Club.  G.  G.S. 
Lindsey,  K.  C,  was  Chairman,  and  those  who  spoke  in  enthusiastic  appre- 
ciation of  the  services  rendered  by  Dr.  Miller  to  the  science  as  well  as  the 
practice  of  mining  included  Hon.  Frank  Cochrane,  Minister  of  Railways 
and  Canals;  Hon.  W.  H.  Hearst,  Minister  of  Lands,  Forests  and  Mines; 
Dean  Galbraith,  Toronto  University;  Professor  Goodwin,  Queen's:  Theo- 
dore Dennis,  Superintendent  of  Mines,  Quebec;  F.  H.  Guigan;  R.  W. 
Brock ;  T.  W.  Gibson,  Deputy  Minister  of  Mines ;  Col.  A.  M.  Hay ;  Qifford 
Smith ;  H.  Mortimer- Lamb,  Secretary  Canadian  Mining  Institute,  and  J. 
A.  McEvoy.  A  characteristic  portrait  painted  by  J.  W.  L.  Foster  was 
presented  to  Dr.  Miller. 

E.  P.  Ross  has  been  appointed  Superintendent  of  the  new  furnace  of 
the  Colonial  Iron  Co.,  at  Riddlesburg. 


Mining  Books  Wanted. — A  Mining  School  in  the  United  States 
desires  to  purchase  books  for  a  Mining  Library.  Those  who  have  books 
which  they  would  like  to  dispose  of  may  communicate  through  the  office 
of  the  Institute. 
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ENGINEERS  AVAILABLE. 

(Under  this  heading  will  be  published  notes  sent  to  the 
Secretary  of  the  Institute  bj  memberB  or  other  persons. ) 

Member,  graduate  of  College  of  Mines  of  University  of  California,  with 
12  years'  operating  experience  in  mining  and  milling  in  California,  Canada, 
ana  Mexico,  is  open  for  engagement.    Speaks  Spanish  fluently.    No.  17. 

Mining  engineer  and  metallurgist  open  for  engagement  Jan.  1  as  super- 
intendent of  mines  or  constructing  engineer.  Tecnnically  educated,  with 
14  years'  experience  in  United  States  and  Latin  America  in  concentration, 
amalgamation,  c^aniding,  constructing.  At  present  building  large  modem 
all-sliming  cyanide  mill  in  Central  America.    No.  18. 

Member,  mining  and  metallurgical  engineer,  is  open  to  engagement. 
Specialty,  the  treatment  of  copper  ores.  Nine  years'  experience  in  the 
operation  and  also  in  the  design  and  erection  of  copper  smelteries.  Four 
years  true  pyrite  smelting.  Able  to  organize  the  aaministration,  account- 
ing, etc.,  of  a  large  plant.  Speaks  a  fair  amount  of  Spanish,  Russian, 
German,  and  French.  Qualified  to  take  charge  of  a  large  smeltery,  or  to 
act  as  assistant  to  manager  of  a  combined  mining  and  smelting  concern. 
No.  19. 

Member,  technical  graduate,  33  years  old,  11  years'  experience  as  chem- 
ist, metallurgist,  and  superintendent  of  lixiviation  plant  and  in  charge  of 
construction  of  cyanide  mill,  is  open  for  engagement.  Speaks  Spanish. 
No.  21. 

Member,  lately  with  the  Bishop  Creek  Milling  Co.,  California,  is  now 
open  for  engagement  as  mine  superintendent  or  superintendent  of  con- 
struction of  mine  and  mill  structures.    No.  25. 

Member,  graduate  engineer,  age  35,  with  15  years'  practical  experience 
in  mining  and  railroad  work,  at  present  assistant  manager  and  chief 
engineer  of  a  large  mining  company,  is  desirous  of  locating  convenient  to 
good  schools  for  his  children.    No.  28. 

Member,  technical  graduate,  with  10  years'  experience  in  metal  mining 
in  Mexico,  two  years  in  talc  mining  and  one  year  in  iron  mining  in  the 
United  States,  is  open  for  engagement.    No.  29. 

Member,  graduate  of  McGul  University  in  mechanical  engineering,  with 
12  years'  experience  in  mining  mica,  gold,  silver,  and  copper  in  Ontario 
and  the  West,  and  in  hydraulicking  in  Alaska,  is  open  for  engagement. 
Last  four  years  as  engineer  for  a  steel  construction  company.    No.  31. 

Member,  technical  graduate,  aged  30,  with  eight  years'  experience  in 
copper  smelting,  is  open  for  engagement.  At  present  acting  superinten- 
dent of  a  large  copper  smelter.    No.  33. 

Member,  technical  graduate,  aged  35,  with  nine  years'  practical  experi- 
ence in  smeltery,  mill  and  mine  design,  construction  and  management, 
especially  lead  and  zinc,  and  four  years  Associate  Professor  of  Mining 
Engineering,  is  open  for  engagement.  Specialty,  mine  equipment.  No. 
34. 

Member,  34  years  old,  married,  nine  years  responsible  position  in  South 
America.  Excellent  knowledge  of  Spanish,  Latin-American  people  and 
customs;  with  present  employer  seven  years;  six  years  as  manager  and 
legal  representative  of  a  mining  company  ;  desires  to  make  a  change  April, 
1914.  Prefers  position  requiring  energy,  executive  ability,  business  tact 
and  practical  knowledge  dealing  with  political  and  legal  authorities, 
rather  than  strictly  technical  position.    No.  35. 


vi  MoNTflLT  Bulletin,  No.  84,  Dbgembbr,  1913. 

Technical  graduate,  34  years  old,  married,  with  12  years'  experience  in 
ore  testing,  mill  designing,  construction  and  operation,  principally  in 
Mexico,  open  for  engagement.    No.  36. 

Technical  graduate,  married,  with  four  years'  experience  in  assaying, 
surveying,  sampling,  and  mine  supervision  in  Utah  and  Mexico,  open 
for  engagement.    No.  37. 

Member,  with  15  years'  experience  in  exploration  and  development 
work  for  a  large  corporation,  will  shortly  be  available  for  a  similar  posi- 
tion, preferably  to  operate  in  the  tropics.  Speaks  German,  Spanish,  and 
the  Scandinavian  languages.    No.  38. 

Young  man,  recent  technical  graduate,  now  employed  at  Eastern  smelter, 
desires  a  position  in  iron  and  steel  work,  preferably  with  an  automobile 
company.    Good  knowledge  of  metallography.     No.  39. 


IRON  AND  STEEL  COMMITTEE. 

Albert  Sauvbur,  C^ujdrman. 

A.  A.  Stevxnsok,  Vioe-Chairfnan, 

Herbert  M.  Botlston,  Secretary^  Abbot  BIdg.,  Oftmbridge,  Mass. 

John  Birkinbine,  William  Kelly,  J.  S.  Unger, 

William  H.  Blaayelt,  Charles  Eirohhoff,  Felix  A.  Vosel, 

James  Gaylej,  Richard  Moldenke,  Leonard  Wudo, 

Henry  D.  Hibbaid,  Joseph  W.  Richards,  William  R.  Walker, 

Henry  M.  Howe,  C.  P.  W.  Rys,  William  R.  Wehrter, 

Robert  W.  Hunt,  E.  Gybbon  Spibbnry,  Frederick  W.  Wood. 
J.  E.  Johnson,  Jr., 

The  following  papers  have  been  promised  for  the  February  meeting  of 
the  Institute  and,  although  the  manuscripts  have  not  all  been  received  at 
the  time  of  this  writing,  we  have  good  reason  to  expect  them  in  time  to  be 
printed. 

Albert  Sauveur,  Mayari  Steel. 

J.  E.  Johnson,  Jr.,  The  Quality  of  Cast  Iron  as  Affected  by  Oxygen,  Ni- 
trogen, and  Other  Elements. 

J.  V.  Emmons,  The  Surface  Decarbonization  of  Tool  Steel. 

Capt.  R.  W.  Hunt  (title  not  yet  received). 

W.  S.  Potter,  Manganese  Steel  (title  not  yet  received). 

A.  N.  DiEHL,  Blast-Furnace  Gas  Cleaning. 

Arthur  West,  Large  Gas  Engines  in  the  Iron  Industry. 

Large  Steam  Turbines  in  the  Iron  Industry. 

Invitations  have  been  sent  out  to  several  of  the  large  steel  manufactu- 
rers to  contribute  papers  on  the  Duplex  process,  and  we  are  also  hoping 
for  a  paper  on  Oxygen  and  Steel. 

It  IS  urged  that  those  who  wish  to  contribute  papers  for  the  February 
meeting,  who  have  not  signified  their  intention  of  doing  so,  will  write  to 
the  Secretary  at  once,  giving  the  titles  of  their  papers.  If  they  wish  papers 
preprinted  so  that  adequate  discussion  may  be  obtained,  it  will  be  neces- 
sar)*^  to  have  the  manuscripts  in  the  hands  of  the  General  Secretary  by 
Dec.  30,  at  the  very  latest;  and  not  more  than  one  or  two  papers  can  be 
preprinted  of  those  received  as  late  as  that  date. 

Herbert  M.  Boylston,  Secretary. 
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COMMITTEE  ON  MINING  GEOLOGY. 

James  F.  Kemp,  Ckairman, 
JoHif  W.  Finch,  Vice-Chairman.  B.  A.  F.  Penrose,  Jr.,  Vice'Chairman. 

L.  C.  Graton,  Secretary^  Harvard  Geological  Moseum,  Cambridge,  Mass. 

Ralph  Arnold,  Alfred  G.  Lane,  Heinrich  Ries, 

H.  Poster  Bain,  Charles  K.  Leith,  Reno  H.  Sales, 

John  M.  Boutwell,  R.  V.  Norris,  William  G.  Sharp, 

H.  A.  Baehler,  Ezec^uiel  Ordofiez,  Charles  H.  Smyth,  Jr., 

William  H.  Emmons,  William  B.  Phillips,  Henry  L.  Smyth, 

Henry  Landes,  Joseph  H.  Pratt,  Josiah  K  Spurr. 

The  Committee  on  Mining  Geology  has  requested  the  authorities  of  the 
Institute  to  assign  one  afternoon  of  the  Annual  Meeting  in  February  to  it  for 
the  discussion  of  the  following  questions,  all  of  which  are. of  live  interest 
to-day.  It  is  planned  to  take  them  up  in  order ;  to  have  speakers  or  con- 
tributors ready  upon  each  topic  ;  and  to  draw  upon  the  great  and  widely 
scattered  membership  of  the  Institute  for  such  new  data  and  new  light  as 
may  be  available.  An  invitation  is  therefore  hereby  extended  to  all  mem- 
bers who  may  be  interested  to  send  contributions,  even  if  brief,  to  the 
discussions : 

1.  To  what  depth  below  the  surface  do  the  standing  ground-waters 
extend  ? 

2.  To  what  extent  is  chalcocite  a  primary,  and  to  what  extent  a  second- 
ary, mineral  in  ore  deposits  ? 

3.  To  what  extent  are  the  contact  zones,  often  called  garnet  zones,  pro- 
duced by  intrusive  rocks  from  limestone  walls,  due  to  recrystallization  of 
matter  original  with  the  limestones;  and  to  what  extent  are  they  and 
their  associated  ores  due  to  contributions  from  intrusive  rocks 

1.  According  to  earlier  views,  the  ground-water  was  supposed  to  extend 
deep  within  the  earth  and  to  constitute  a  more  or  less  actively  circulating 
medium,  which  leached  the  rocks  of  the  ores  and  gangue  and  brought  the 
dissolvea  substances  to  be  precipitated  in  the  trunk  channels.  Much  ex- 
perience with  bore-holes  and  with  deep  mines,  however,  has  tended  to 
show  that  the  water,  except  perhaps  in  the  form  of  mere  dampness  in  the 
rocks,  or  as  isolated  pockets  of  peculiar  composition,  only  extends  to  com- 
paratively shallow  depths,  such  as  a  thousand  feet  or  less.  Below  this 
level  the  rocks  are  practically  free  from  water,  unless  the  workings  are  in 
a  locality  of  recently  extinct  igneous  action,  such  as  the  Comstock  lode. 
Therefore,  if  in  deep  mines  the  water  is  impounded  in  the  upper  levels 
there  is  little  or  no  need  of  pumping  from  lower  levels ;  or  if  the  water  is 
not  impounded,  but  follows  the  workings  downward,  the  amount  does  not* 
increase  because  of  added  depth.  Experience  in  as  many  deep  or  moder- 
ately deep  mines  as  can  be  placed  on  record  will  be  of  interest  and  value. 
The  matter  is  of  great  importance  in  its  bearing  on  long-trusted  theories 
for  the  formation  of  veins. 

Papers  bearing  immediately  upon  the  question  will  be  found  in  the  pub- 
lications of  the  Institute  as  follows  : 

Posepny,  F.,  Traru,  23  :  197-369,  1894 ;  Rickard,  T.  A.,  Trans,  23  :  689-691 ;  30 :  367- 
403,  1900  ;  Van  Hise.  C.  R.,  Trans.  30  :  27-177,  1900  ;  31  :  292-302,  1901 ;  Kemp,  J.  F., 
Trans.  31 :  16^198,  1901  ;  33 :  699-714,  1902 ;  Bull.  A.  I.  M.  K,  April,  1913. 
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2.  Some  of  the  points  to  which  discussion  might  well  be  directed  are 
noted  below.  All  other  matters  relating  to  this  mineral  will  of  course  be 
welcomed.  Any  contribution  regarding  the  conditions  of  formation  and 
occurrence  of  related  or  associated  minerals,  particularly  bornite,  chalco- 
pyrite,  covellite,  native  copper,  cuprite,  and  the  carbonates,  will  undoubt- 
edly aid  in  elucidating  the  difficult  and  important  question  of  chalcocite 
occurrence. 

A.  If  primary  chalcocite  exists,  in  what  way  may  it  be  distinguished  from 

secondary  chalcocite — any  differences  in  color,  luster,  hardness,  crys- 
talline structure,  composition,  stability? 

B.  What  are  the  positive  evidences  of  secondary  origin  of  some  chalcocite? 

C.  Is  "  sooty  "  chalcocite  invariably  secondary  ? 

D.  Is  massive  (i.  «.,  not  "  sooty '')  chalcocite  invariably  primary  ? 

£.  In  what  places  and  under  what  conditions  is  chalcocite  found  below 
the  water  level? 

F.  Does  secondary  chalcocite  form  below  the  water  level  ? 

G.  How  deep  has  chalcocite  that  is  positively  secondary  been  found  ?  Does 

chalcocite  from  deep  levels  show  different  associations  and  structural 
features  from  that  known  to  be  secondarv  ? 

H.  What  data  can  be  gathered  regarding  the  chemical  character  of  mine 
water  or  ground-water  at  and  near  places  of  secondary  chalcocite 
deposition  ? 

I.  What  other  minerals  are  deposited  with  chalcocite  in  the  zone  of  enrich- 
ment or  sulphide  regeneration  ? 

J.  What  kind  of  structural  relationship  do  they  show  toward  the  chal- 
cocite ? 

K.  Can  the  **  eutectic  "  or  "  micrographic ''  texture  be  produced  by  re- 
placement processes? 

L.  Is  secondary  chalcocite  ever  formed  by  simple  deposition,  without 
replacement  of  some  other  substance  ? 

M.  Is  secondary  chalcocite  ever  formed  by  replacement  of  non-metallic  or 
gangue  minerals  ? 

N.  Of  what  nature  —  primary  or  secondary  —  is  the  chalcocite  of  the 
disseminated  deposits  in  sediments,  particularly  in  or  near  "red 
beds  "  in  Colorado,  Arizona,  New  Mexico,  Texas,  etc. ;  in  the  Triassic 
traps  of  New  Jersey ;  in  the  basic  lavas  of  Alaskan  and  northern 
Canadian  regions;  in  the  veins  occasionally  found  associated  with 
the  native  copper  of  the  Lake  Superior  district ;  in  the  great  deposit 
of  the  Bonanza  mine,  Alaska  ? 
A  list  of  papers  bearing  upon  this  topic  follows : 

Emmons,  S.  F.,  Trans.  30 :  177-217,  1900 ;  Van  Hise,  C.  R,  Trans,  30  :  109-113,  1900; 
Sales,  K.  II.,BulL  A.  L  M,  E.  80  :  1523-1621,  1913  ;  also  important  papers  not  in  the  In- 
stitate  publications,  as  follows  :  Kemp,  J.  F.,  Economic  Oeology^  Vol.  1, 11-24,  *'Seoond»T 
Enrichment  in  Ore  Deposits  of  Copper,"  1905  ;  Emmons,  W.  H.,  BuU,  U.  a  G.  S.  529, 
*'The  Enrichment  of  Sulphide  Ores,''  1913  ;  Ransonie,  F.  L.,  Eeonomie  Oeohgy,  Vol.  5, 
205 -220,  <'  Criieria  of  Downward  Sulphide  Enrichment,''  1910  ;  Tolman,  C.  F.,  Jr.,  Mining 
and  Scientific  Press,  Vol.  106.  38-43,  and  141-145,  and  178-182,  **  Secondary  Sulphide  En- 
richment of  Ores,"  1913;  Weed,  W.  H.,  Buil.  Oeol.  Soe.  o/ ^wmco,  VoL  11,  179-206, 
"Enrichment  of  Mineral  Veins  by  Later  Metallic  Sulphides,"  1900. 

3.  In  earlier  years,  the  zones  of  lime-silicates,  of  .which  garnet  is  the 
commonest  mineral,  but  among  which  are  also  to  be  numbered  wollaston- 
ite,  diopside,  epidote,  vesuvianite,  scapolite,  and  several  rarer  species,  were 
believed  to  be  due  to  the  recrystallization  of  the  substance  of  the  lime- 
stone, under  the  influence  of  the  hot  intrusive  rock,  aided  perhaps  by 


American  Institute  of  Mining  Engineers.  ix 

emitted  vapors.  Only  those  limestones  in  which  silica  and  alumina  were 
rather  richly  present  would  thus  yield  the  zones ;  otherwise  crystalline 
limestone  would  alone  result.  In  extended  sections  of  limestones  some 
beds  or  groups  of  heds  which  contain  these  earthy  ingredients  are  almost 
always  found.  The  argillaceous  beds  were  believed  to  have  furnished  the 
zones,  while  tlie  relatively  pure  limestones  furnished  the  marbles. 

Analyses  have  shown,  however,  that  the  garnet  is  very  largely  a  lime- 
iron  variety  instead  of  one  containing  only  lime  and  alumina  m  composi- 
tion with  silica.  Since  limestones  are  habitually  low  or  lacking  in  iron  it 
became  necessary  to  draw  upon  some  other  source  than  the  limestones  for 
the  supply  of  iron,  and  naturally  the  intrusive  rock  was  the  alternative. 
The  large  bodies  of  magnetite  or  specular  hematite  which  often  appear  in 
the  zones  strengthened  the  belief.  Analyses  of  the  limestones  outside  the 
zones,  and  apparently  representing  the  original  rock  from  which  the  zones 
were  produced,  proved  in  a  number  of  cases  to  contain  very  small  percent- 
ages of  alumina  and  silica  and  still  less  iron.  Without  contributions  from 
the  intrusive*  rock,  it  seemed  difficult  to  account  for  even  the  lime-alumina 
garnet. 

On  the  other  hand,  some  have  inferred  that  the  magmatic  waters  from 
the  igneous  mass  have  dissolved  and  removed  large  amounts  of  the  car- 
bonate of  lime,  but  have  left  behind  increased  proportions  of  the  ordinary 
insolubles,  silica  and  alumina.  In  the  end  the  recrystallization  of  these 
residues  yielded  the  zones.  Contraction  of  the  limestone  bordering  on  the 
intrusive  and  affected  by  the  zones  to  one-third  or  less  of  its  original  mass 
might  be  involved,  but  was  still  believed  possible. 

In  taking  part  in  this  discussion  members  of  the  Institute  would  greatly 
aid  if  they  would  interpret  new  cases  in  the  light  of  these  views ;  would 
test  limestones  and  garnets  by  analysis ;  and  would  record  the  order  of 
formation  of  the  minerals  and  ores  of  the  zones.  Usually  the  lime-silicates 
first  form  and  are  followed  by  the  magnetite  and  this  by  the  sulphides  of 
iron  and  copper.    This  order,  while  usual,  is  not  invariable. 

The  following  papers  are  of  interest : 

Lindgren,  W.,  TroM.  31 :  226-244,  1901 ;  Weed,  W.  H.,  Tranr.  33  :  715-746,  1902 ; 
Kemp,  J.  F.,  Trans,  36:  178-203,  1905 ;  Stewart,  C.  A.,  BaU,  A,  I.  M.  K,  May,  1912, 
4OO-505. 

Bulletin  338  of  the  U.  S.  Geol.  Survey,  by  C.  K.  Leith  and  E.  C.  Harder, 

on  The  Iron  Ores  of  the  Iron  Springs  District,  Utah,  should  also  be  read. 

Although  not  in  the  publications  of  the  Institute,  it  is  readily  accessible. 

In  recent  numbers  of  the  magazine  Economic  Geology  are  suggestive  papers 

and  discussions. 

J.  F.  Kemp,  Chairman^ 
L.  C.  Graton,  iSecretary, 
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COMMITTEE  ON  PRECIOUS  AND  BASE  METALS. 

Charles  W.  Gk)ODALE,  Chairmian, 

L.  D.  RiCKEiTS,  Vice-Chairman, 

iDabsie  C.  Babd,  Secretary f  Montana  State  School  of  Mines,  Batte,  Mont 

Leonard  S.  Austin,  Samuel  S.  Fowler,  Willet  6.  Miller, 

Dayid  W.  Brunton,  Thomas  J.  Grier,  Albert  F.  Schneider, 

Theodore  B.  Comstock,        Hennen  Jenninffs,  George  C.  Stone, 

Stanley  A.  Easton,  Edmund  B.  Kiroy,  Benjamin  B.  Thayer. 

Charles  W.  Merrill, 

The  Committee  aspires  to  make  the  Tranaadiona  of  the  Institute  a  repre- 
sentative record  of  current  metallurgical  practice.  To  this  end  we  ask  the 
co-operation  of  metallurgists  and  mill,  men  in  preparing  papers  on  present 
methods  at  the  plants  with  which  they  are  associated.  Also  if  there  are 
any  papers  now  being  prepared  on  these  subjects  for  the  Tranmdions  the 
Committee  is  desirous  of  being  informed  of  the  title  and  author's  name. 

C.  W.  GooDALE,  Chairman. 

D.  C.  Bard,  Secretary, 


COLUMBIA  LOCAL  SECTION. 

Eocecutive  Committee, 

F.  A.  Thomson,  Chairman, 
George  W.  Roddewig,  Vice-Chairman, 
L.  K.  Armstrong,  Secretary'Treasurer, 

P.  0.  Drawer  2154,  Spokane,  Wash. 
R.  S.  McCaffery. 

Annual  Meeting^  Wallace,  Idaho,  Nov,  15-16,  1913. 

The  third  annual  meeting,  which  was  also  the  eighth  consecutive  meet- 
ing and  the  second  to  be  held  in  the  Coeur  d'Al^ne  district,  was  held  in 
Wallace,  Idaho,  Nov.  15-16,  1913,  with  side  trips  to  Kellogg-Wardner, 
Larson,  and  MuUan,  where  several  mills  were  visited.  The  meeting  was 
held  jointly  with  the  Montana  Section,  about  50  members  and  guests 
being  present.  Headquarters  were  in  the  Samuels  Hotel,  sessions  oeing 
held  in  the  public  library.  The  arrangements  and  program  were  in  the 
hands  of  the  following  local  committee:  George  W.  Roddewig,  W.  Earl 
Greenough,  H.  M.  Childs. 

At  2.30  p.m.,  Nov.  15,  the  first  session  was  called  to  order  by  Prof.  F.  A. 
Thomson,  member  of  the  Executive  Committee,  adjournment  being  taken 
to  the  Mine  Rescue  car,  where  Mr.  Anderson  and  his  assistant  entertained 
the  visitors  for  nearly  two  hours  by  demonstrations  of  mine-rescue  and 
first-aid  practice,  after  which  the  party  visited  the  Hercules  mill,  mention 
of  which  was  made  in  the  report  of  last  year  when  the  Section  visited  the 
plant.  There  are,  however,  several  important  alterations  and  additions  to 
the  fiow-sheet  to  be  noted,  such  as  substitution  of  Chilean  and  Hardinge 
mills  for  the  Huntington  mills  in  the  regrinding  department;  rearrange- 
ment of  the  tables  and  slimers,  with  a  noticeable  addition  of  the  later 
models  of  the  Franz  machines,  and  the  installation  of  the  Wyman  flotation 
process,  which  has  been  tried  out,  or  is  being  tested,  with  more  than  ordi- 
nary success,  on  the  middlings  in  several  of  the  mills  of  the  district,  the 
Green  Hill  Cleveland  mill  being  provided  with  a  100-ton  unit,  partly  At- 
scribed  below  : 
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The  feed  consists  of  middlings,  7  parts  water  to  1  of  solids,  pumped  to  a 
settling  tank,  from  which  the  pulp,  thickened  to  a  consistency  of  4  to  1,  is 
drawn  ofif  by  spigots  to  a  Wyman  dewaterer,  from  which  it  is  passed  to 
the  mixing  box  with  moisture  reduced  to  about  20  per  cent.  Here  a  weak 
acid  solution  is  added  and  the  mixture  goes  to  the  separation  tank,  where 
the  sulphides  are  floated  off  to  a  tank  where  they  settle ;  part  of  the  acid 
solution  is  caught  in  a  sump  to  be  returned  to  the  solution  tank.  The 
settled  concentrates  are  drawn  into  a  second  dewaterer,  where  the  acid 
solution  is  recovered,  the  concentrates  going  to  Franz  tables,  where  the 
lead  and  zinc  are  separated.  Extraction  varies  between  60  and  85  per 
cent,  of  the  zinc  and  from  60  to  75  per  cent,  of  the  lead,  the  wide  variation 
being  no  doubt  due  to  the  experimental  stage  which  the  process  is  still  in. 
The  following  items  of  cost,  submitted  as  approximate  only,  are  based 
upon  operation  of  a  30-ton  plant,  whereas  labor,  which  is  the  most  expen- 
sive item,  would  be  no  greater  for  a  plant  of  150  tons  per  day : 

Per  Ton. 

Acid 20  to  30  lb. 

Coal $0.10 

Power. 0.03 

Labor. 0.30 

The  process  was  developed  and  is  being  operated  by  George  H. 
Wyman,  Jr. 

Promptly  at  7.30  p.  m.  the  second  session  was  called  to  order  by  James 
F.  McCarthy,  local  member  of  the  Executive  Committee,  who,  after  wel- 
coming the  visitors,  called  Prof.  F.  A.  Thomson  to  the  chair. 

Upon  taking  the  chair.  Professor  Thomson  asked  D.  C.  Bard,  Secretary 
of  the  Montana  Local  Section,  and  E.  Jacobs,  Secretary  of  the  Western 
Branch  of  the  Canadian  Mining  Institute,  to  take  chairs  at  the  speakers' 
table.  He  congratulated  the  local  committee  and  other  members  and 
citizens  on  their  well-arranged  program,  thanking  them  on  behalf  of  the 
visiting  members  and  guests. 

The  following  papers  were  then  presented : 

Electric  Smelting  of  Lead  and  Zinc  Ores,  by  Prof.  R.  S.  McCafFery.  Dis- 
cussed by  the  Chairman,  F.  G.  Cottrell,  F.  M.  Smith,  Rush  J.  White,  E. 
Jacobs,  and  others. 

Ore  Dressing  at  the  Federal  Mining  &  Smelting  Co.'s  Morning  Mill,  by 
Rush  J.  White.  Discussed  bv  the  Chairman,  F.  S.  Rowe,  §eorge  H. 
Wyman,  Jr.,  William  J.  Hall,  D.  C.  Bard,  S.  R.  Moore,  E.  Jacobs,  W.  E. 
Greenough,  and  others, 

Immediately  following  the  adjournment  of  the  joint  session,  the  mem- 
bers of  the  Spokane  Local  Section  met  and  transacted  the  following 
business : 

Adoption  of  the  report  of  the  Secretary-Treasurer. 

By  a  vote  of  15  to  4  the  name  of  the  Spokane  Local  Section  was  changed 
to  Columbia  Local  Section. 

A  vote  of  thanks  was  extended  to  the  retiring  Chairman. 

By  unanimous  consent  the  Secretary  was  instructed  to  cast  the  ballot 
electing  R.  S.  McCaffery,  F.  A.  Thomson,  G.  W.  Roddewig,  and  L.  K. 
Armstrong  to  the  Executive  Committee,  there  being  no  other  nominations. 

There  being  no  further  business  the  meeting  adjourned. 

Later  the  following  officers  were  elected  : 

Prof.  F.  A.  Thomson,  Chairman. 
George  W.  Roddewig,  Vice-Chairman. 
L.  K.  Armstrong,  Secretary- Treasurer. 
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At  7.30  a.  m.,  Nov.  16,  the  party  went  by  special  train  to  Kellogg,  where 
they  visited  the  Bunker  Hill  &  Sullivan  concentrating  mill,  tailings 
plant  and  engineering  department,  and  the  Y.  M.  C.  A. 

The  Bunker  Hill  &  Sullivan  is  the  only  large  mine  in  the  district  where 
no  hand  sorting  of  the  high-grade  ore  is  employed.  In  the  mine  a  por- 
tion of  the  waste  is  removed  and  thrown  into  the  stopes,  the  remainder  is 
sent  to  the  surface,  crushed  and  concentrated,  the  tails  being  reground, 
passed  through  classifiers  and  over  slime  tables.  There  have  been  some 
changes  during  the  past  year ;  all  the  principal  underground  openings  are 
being  concreted,  following  a  disastrous  fire  which  was  referred  to  by  E.  P. 
Dudley  in  his  paper  on  The  Use  of  Oxygen  Helmets  in  Mine  Fires,  which 
was  read  at  the  Rossland  meeting  in  May.  It  was  determined  by  the 
management  to  prevent  another  such  disaster.  At  the  mill  jigs  are  being 
installed  to  remove  a  portion  of  the  lead  in  the  middlings  prior  to  regrind- 
ing,  one  of  these  already  having  been  put  into  commission  with  satisfac- 
tory results.  Some  experimenting  is  being  carried  on  with  flotation,  and 
a  plant  will  doubtless  be  added  to  the  flow  sheet,  probably  of  the  Wyman 
type.  The  tailings  plant  has  resumed  operations,  the  feed,  carrying  about 
2  per  cent,  of  lead,  being  delivered  to  a  belt  conveyor  by  means  of  a 
bucket  drag  operated  by  a  system  of  cables  and  donkey  engine.  Crushing, 
fine  grinding,  and  sliming  secures  a  small  margin  of  profit.  With  about 
600,000  tons  to  work  over,  the  plant  has  a  daily  capacity  of  about  600 
tons.  In  the  engineering  department  there  are  several  mine  models  repre- 
senting every  phase  of  the  work,  from  flat  plates  to  represent  the  dif- 
ferent levels,  properly  colored  and  set  vertically  one  above  the  other  at 
proper  distances  to  meet  the  horizontal  scale,  to  the  more  complicated  yet 
equally  accurate  model  which  includes  levels  and  stopes  done  in  color. 
The  most  improved  type  is  that  of  the  Caledonia,  where  celluliod  has  been 
employed,  harmonizing  the  model  to  actual  conditions  and  through  which 
every  detail  of  the  work  may  be  seen.  In  sections,  it  is  possible  to  remove 
any  portion  of  the  model  for  closer  inspection.  A  new  concrete  building 
houses  the  engineering  and  oflicial  stafl*.  In  connection  with  a  safety 
station  a  ^*  smoke  house  "  has  been  erected  where  a  rescue  team  is  given  a 
rigorous  exercise  once  each  week,  under  rather  strenuous  and  realistic  mine- 
rescue  conditions.  Some  50  men  are  prepared  to  take  service  whenever 
called  upon.  Th^  B.  H.  &  S.  property  was  never  in  better  physical 
condition  nor  producing  more  lead  and  silver.  The  No.  1  unit  is 
being  prepared  to  serve  the  Caledonia  mine,  which  will  soon  be  operating 
to  capacity.  Both  Nos.  1  and  2  mills  have  been  described  ;  No.  1  by  G. 
Caetani  in  Mining  Magazine^  vol.  ii,  No.  6,  p.  361  et  seq.,  and  No.  2,  by  R. 
S.  Handy  in  Trans,,  xliii,  pp.  685-^92. 

Returning  to  Wallace  at  noon,  where  luncheon  was  served,  a  special 
train  took  the  party  to  Larson  and  Mullen,  where  the  mills  of  the  Snow- 
storm, National,  and  Morning  were  inspected.  The  first  named  is  the 
only  mill  in  the  district  operating  on  copper  ore,  that  of  the  National  not 
yet  being  in  commission. 

The  Snowstorm  mill  has  been  described  in  the  technical  press,  the  only 
alterations  being  the  installation  of  Deister  tables,  which  are  giving  excel- 
lent satisfaction. 

When  the  National  mill  is  completed  it  will  be  the  last  word  on  mill 
construction  in  the  district.  It  was  designed  by  John  M.  Callow,  of  Salt 
Lake  City,  who  assembled  standard  types  of  machinery  for. every  depart- 
ment of  the  plant;   the  only  real  novelty  is  a  Symons  disc  crusher,  man- 
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ufactured  by  Chalmers  <fe  Williams.  The  building  is  well  along ;  con- 
crete foundations,  galvanized  iron  roof  and  siding  are  already  in  place, 
the  machinery  is  being  rapidly  assembled  and  will  soon  be  housed.  It 
will  be  well  into  next  year  oefore  the  mill  will  be  in  commission. 

In  the  finishing  department  of  the  Morning  mill  extensive  alterations 
and  additions  have  been  made.  Where  one  Hardinge  mill  was  working 
alone  last  year  there  are,  now  six  of  the  8-ft.  size  preparing  feed  for  the 
Maquisten  tube  department,  which  has  been  much  enlarged  and  now 
takes  care  of  the  entire  tailing  product  of  the  plant.  This  department, 
however,  is  now  dividing  honors  with  the  Wyman  process,  now  being 
tried  out  in  an  adjacent  room. 

Returning  to  Wallace,  a  banquet,  which  began  promptly  at  7.30  p.m., 
was  only  brought  to  a  close  at  midnight  after  a  long  list  of  toasts.  Wil- 
liam J.  nail.  Assistant  General  Manager  of  the  Federal  Mining  &  Smelt- 
ing Co.,  acted  as  toastmaster. 

Upon  motion  by  L.  K.  Armstrong,  Secretary  of  the  Columbia  Local 
Section,  seconded  by  D.  C.  Bard,  Secretary  of  the  Montana  Local  Section, 
J.  N.  Pott,  of  Puget  Sound  Local  Section,  and  E.  Jacobs,  Secretary  of  the 
Western  Branch  of  the  Canadian  Mining  Institute,  a  vote  of  thanks  was 
extended  to  the  Hercules  Mining  Co.,  U  S.  Mine  Rescue  Car,  Bunker 
Hill  (fe  Sullivan  Co.,  Snowstorm  Mining  Co.,  National  Mining  Co.,  Federal 
Mining  &  Smelting  Co.,  newspapers  of  the  district,  local  members  of  the 
Institute,  and  especially  Messrs.  W  .Earl  Greenough,  George  W.  Roddewig, 
and  H.  M.  Childs,  members  of  the  Program  Committee,  for  facilities  ex- 
tended and  courtesies  received  ;  after  which  the  banquet  passed  into  history. 

L.  K.  Armstrong,  Secretary. 


BOSTON  LOCAL  SECTION. 

Executive  Committee, 
Robert  H.  Richards,  Chairman. 
Albert  Sauveur,  Vice-Chairman. 
Augustus  H.  Eustis,  Secretary-Treasurer,  131  State  St.,  Boston,  Mass. 

Timothy  W.  Sprague.  Henry  A.  Wentworth. 

The  fourteenth  meeting  of  the  Boston  Local  Section  was  held  at  the 
Engineers'  Club,  2  Commonwealth  Avenue,  Monday  evening,  November  3. 
There  were  18  members  present. 

The  Chairman,  Robert  H.  Richards,  presided  at  the  dinner. 

At  the  close  of  the  dinner,  A.  H.  Eustis  spoke  informally  about  his  re- 
cent trip  to  the  pyrites  mining  region  of  southwestern  Spain,  and  showed 
photographs  of  the  ore  docks  and  open  cuts  of  some  of  the  mines. 

Augustus  H.  Eustis,  Secretary. 
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COLORADO  LOCAL  SECTION. 

Executive  Committee.   - 

William  J.  Cox,  Chairman, 
Charles  J.  ^(qore,  Vice- Chairman. 
C.  LoRiMER  CoLBURN,  Secretary- Treasurer, 
614  Ideal  Building,  Denver,  Colo. 
Thomas  B.  Stearns.  Richard  A.  Parker. 

History  of  the  Organization. 

Upon  the  call  of  David  W.  Brunton  and  John  Wellington  Finch  a 
meeting  of  the  Colorado  members  of  the  American  Institute  of  Mining 
Engineers  was  held  in  the  University  Club  in  Denver,  in  the  latter  part  of 
1912.  The  advisability  of  organizing  a  Colorado  Section  was  discussed 
and  a  committee  of  ten  men  was  selected  to  further  consider  the  organiza- 
tion. Several  meetings  were  held  by  this  committee  where  the  organiza- 
tion was  discussed. 

On  May  16,  1913,  a  luncheon  was  given  at  the  Albany  Hotel,  at  which 
time  it  was  decided  to  organize  a  Colorado  Section.  A  committee  consist- 
ing of  Dr.  Victor  C.  Alderson  as  Chairman,  S.  A.  lonides,  Ernest  Le  Neve 
Foster,  Charles  J.  Moore,  and  Fred.  H.  Bostwick  was  appointed  to  draft 
the  By-Laws  and  complete  the  organization. 

May  28  the  committee  met  at  Mr.  Brunton's  office,  drafted  the  By-Laws 
and  sent  them  to  New  York  for  approval.  They  were  approved  by  the 
Board  of  Directors  of  the  Institute. 

The  committee  then  called  the  Colorado  members  of  the  Institute  to 
attend  a  luncheon  at  the  Adams  Hotel  on  Sept.  16,  complimentary  to  Mr* 
Bradley  Stoughton,  and  to  act  upon  the  report  of  the  Organization  Com- 
mittee. At  this  meeting  the  By-Laws  were  adopted,  and  the  Colorado 
Section  was  permanently  organized. 

The  Chair  called  for  the  report  of  the  Nominating  Committee.  Mr. 
lonides  reported  the  following  nominations  :  William  J.  Cox,  Chairman  ; 
Charles  J.  Moore,  Vice-Chairman ;  C.  Lorimer  Colburn,  Secretary-Treas- 
urer. The  above  members,  together  with  Thomas  B.  Stearns  and  Kichard 
A.  Parker,  to  constitute  the  Executive  Committee.  These  men  were 
unanimously  elected,  which  completed  the  organization  of  the  Colorado 
Section.    The  meeting  then  adjourned. 

Meeting  Nov.  7,  1913. 

Fifty-five  members  and  guests  attended  the  dinner  and  meeting  held  in 
the  Palm  Room,  Brown  Palace  Hotel,  on  Nov.  7,  1913.  After  a  very  en- 
joyable and  delicious  meal  the  chairman,  William  J.  Cox,  called  the  meet- 
ing to  order.  The  History  of  the  Organization  of  the  Colorado  Section, 
the  minutes  of  the  meeting  of  Sept.  16,  and  the  minutes  of  the  meeting  of 
the  Executive  Committee  Oct.  1,  1913,  were  read  and  approved.  The  Sec- 
retary-Treasurer reported  that  the  budget  presented  to  the  Board  of 
Directors  of  the  Institute  had  been  approved. 

The  subject  for  the  evening's  discussion  was  The  Effect  of  the  Present 
Methods  of  Taxing  Mines  on  the  Mining  Industry  of  Colorado.  The  dis- 
cussion was  led  by  William  V.  Hodges,  who  gave  a  very  interesting  and 
instructive  talk  upon  the  whole  method  of  taxation.  Dan  L.  Webb  then 
gave  a  very  elaborate  discussion  of  the  present  methods  of  taxing  mines. 
He  was  followed  by  short  discussions  from  Thomas  B.  Stearns,  Philip 
Argall,  Richard  A.  Parker,  Victor  C.  Alderson,  J.  D.  Hawkins,  Ernest 
Le  Neve  Foster,  David  W.  Brunton,  Charles  J.  Moore,  and  Lyman  P. 
Hammond.    The  meeting  then  adjourned. 

William  J.  Cox,  Chairman. 
C.  L.  CoLBURN,  Secretary. 
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PUGET  SOUND  LOCAL  SECTION. 

Executive  Committee. 

Joseph  Daniels,  Chairman, 

J.  N.  Pott,  Vice-Chairman. 

I.  F.  Laucks,  Secretary-Treasurer, 

95  Yesler  Way,  Seattle,  Wash. 
A.  F.  Blair.  Chester  F.  Lee. 

The  Puget  Sound  Local  Section  held  its  annual  meeting  on  Saturday, 
Nov.  1,  at  the  College  Club,  Seattle,  and  elected  the  following  men  to  serve 
for  the  ensuing  year:  Chairman^  Joseph  Daniels,  College  of  Mines,  Uni- 
versity of  Washington ;  Vice-Chairman,  J.  N.  Pott,  Northwestern  Improve- 
ment Co.,  Tacoma;  Secretary-Treasurer,  I.  F.  Laucks,  of  Falkenburg  & 
Laucks,  95  Yesler  Way,  Seattle ;  Directors,  Chester  F.  Lee  and  A.  F.  Blair, 
both  of  Seattle. 

J.  L.  McPherson,  Secretary  of  the  Alaska  Bureau  of  the  Seattle  Cham- 
ber of  Commerce,  a  civil  engineer,  who  has  been  actively  identified  with 
engineering  work  in  Alaska  since  early  pioneer  days,  presented  an  illus- 
trated talk  on  Alaska,  showing  the  varied  possibilities  and  developments 
of  Alaska,  not  only  from  a  mining,  but  from  an  agricultural  and  a  fishing 
standpoint  Photographs  of  many  of  the  places  visited  during  the  excur- 
sion recently  conducted  by  the  Seattle  Chamber  of  Commerce  were  shown 
on  the  screen. 

Plans  are  being  discussed  for  a  series  of  interesting  meetings  dealing 
with  topics  of  particular  interest  to  the  mining  men  of  the  Northwest. 

Joseph  Daniels,  Secretory. 


MANUSCRIPTS  RECEIVED  BY  THE  SECRETARY. 

The  following  papers  have  been  accepted  for  publication  in  the  BtdletitL 
The  list  is  here  published  in  order  that  application  may  be  made,  if  de- 
sired, for  one  or  more  of  these  papers  for  mscussion  by  Local  Sections  of 
the  Institute.  Whether  these  papers  are  or  are  not  discussed  by  Ix>eal 
Sections,  they  will  be  presented  at  the  February  meeting  of  the  Institute 
in  New  York,  N.  Y.,  and  advance  discussion  by  individuals  is  requested. 

Copper  Smelting  in  Japan,  by  Manuel  Eissler. 

The  Equilibrium  Diagram  of  the  System  Cu^NijS,,  by  Carle  R.  Hay- 
ward. 

The  Mill  and  Metallurgical  Practice  of  the  Nipissing  Mining  Co.,  Ltd., 
by  James  Johnston. 

The  Need  of  Uniform  Methods  of  Sampling  Lake  Superior  Iron  Ore,  by 
C.  B.  Murray. 

The  Work  of  Crushing,  by  Arthur  F.  Taggart. 
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AFFILIATED  STUDENT  SOCIETIES. 

Any  society  of  undergraduates  at  a  technical  school,  comprising  students 
in  any  branch  of  engineering,  metallurgy,  chemistry,  geology,  etc.,  may  be 
recognized  by  the  Board  of  Directors  in  its  discretion  as  an  Affiliated  Stu- 
dent Society.  A  circular  giving  details  of  the  plan  of  affiliation  may  be 
obtained  on  application  to  the  office  of  the  Secretary  of  the  Institute. 
.  The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list : 

Affiliated  Student  Societies. 

The  Mininsr  Societj  of  the  Sheffield  Scientific  School,  Yale  Uoivenity,  New  Haven, 
ConiL    Preddenty ;  Secretary, . 

The  Unlyenity  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
neers, Urbana,  IlL     PresiderUf  M.  L.  Nebel ;  Secretary,  Willis  Leriche. 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  Presidenlf  P.  £. 
Raymond ;  Secretary,  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Club,  Madison,  Wis.  Pretident,  Rudolph  J.  Stengl; 
Secretory,  Mack  C.  Lake. 

The  Mining  and  Geological  Society  of  Lehigh  University,  South  Bethlehem,  Pa. 
President,  Robert  G.  Mickel ;  Secretary,  Edward  B.  Snyder. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis,  Minn. 
Prendenty  C.  A.  Walker ;  Secretary,  A.  C.  Bierman. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology.  iV^ti- 
dent,  Ralph  E.  Wells,  Jr.  ;  Secretary,  Louis  W.  Currier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Engineers  of  the 
University  of  Kansas,  Lawrence,  Kan.  President,  Walter  E.  Bohrer ;  Secretary,  H.  B. 
Brown. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  President,  Walter 
P.  Scott ;  Secretary,  Bert  F.  Smith. 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman,  Wash* 
President,  John  F.  Foran ;  Secretary,  Thomas  C.  Puckett 

The  T^as  Technical  Society,  School  of  Mines,  University  of  Texas,  Austin,  Tex.  iVesi* 
dent,  G.  C.  Oartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
aeea,  Columbus,  Ohio.     President,  Hugh  B.  Lee ;  Secretary,  E.  P.  Elliott. 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  President^  R  £. 
Paraons;  Secretary,  E,  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.     President^  —^ 
;  Secretary, 


Mining  Association  of  the  University  of  California,  Berkeley,  CaL    President,  D.  M. 
Dramheller,  Jr.  ;  Secretary,  J.  B.  Orynski. 

Tafts  College  Chemical  Society,  Tufts  College,  Mass.    President,  F.  D.  Whittemore ; 
Secretory,  E.  W.  Hays. 

University  of  Washington  Mining  Society,  Seattle,  Wash.    President,  L.  H.  Cogswell ; 
Secretary,  E.  T.  Godbe. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State  College, 
Ames,  Iowa.     President,  Lyle  A.  Butler  ;  Secretary,  A.  J.  Crawford. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  Bolla,  Mo.     President, 
L.  6.  Copelin  ;  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
President,  M.  T.  Whelan  ;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.     President,  Alan  Kissock ; 
Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.     President,  J. 
Oary  Lindley  ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  College  of  Mines  and  Metallurgy,  University  oi  Kentucky, 
Lezuigton,  Ky.     President,  Oliver  W.  Smith  ;  Secretary,  Charles  R  Straub. 

Mining  Society  of  Pennsylvania  State  College,  State  College,  Pa.     President,  Balph  E. 
Kirk;  Secretary,  Willard  M.  Lindsey. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cutter,  Librarian. 

The  Library  of  the  aboye-named  Societies  is  open  from  9  a.m.  to  9  p.m. 
on  all  week-days,  except  holidays,  from  September  1  to  June  30,  and  from 
9  A.M.  to  6  P.M.  during  July  and  August.  The  Library  contains  about 
55,000  volumes,  including  sets  of  technical  periodicals  and  the  publica- 
tions of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a  por- 
tion of  their  time  in  localities  isolated  from  sources  of  information.  To 
these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Libraiy 
is  prepared  to  lurnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects ;  to  determine  the  existence  of  mining-maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for  snch 
collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  (ot- 
warding  copies  of  mining-reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 

Library  Acvbbsigns. 
New  Books  on  Mining  and  Metallurgy. 

Approximate  Melting  Points  of  Some  Commercial  Coffer  Allots.    Technical 

Paper  No.  60,  U.  S.  Bureau  of  Mines.     Washington,  1913. 
Cyanide  Practice  1910-1913.     Edited  by  M.  W.  von  Bemewits.     San  Francisco,  1913. 

(Gift  of  Mining  arid  ScietUifie  PreM. ) 

[Note. — This  is  the  third  of  a  series  of  books  that  began  with  **  Recent  Cjanide  Prac- 
tice'' by  T.  A.  Rickard,  1907,  and  which  was  continued  bj  **  More  Recent  Cyanide  Prac- 
tice/' edited  by  H.  F.  Bain  and  published  in  1910.  The  papers  are  largely  reprints  from 
the  Mining  and  Scienlific  Press, — \V.  P.  C] 

Principles  and  Practice  of  Iron  and  Steel  Manufacture.     Ed.  3.     By  Walter 

MacFarlane.     New  York,  1912. 
Metallurgical  Analysis,  £d.  3.    By  N.  W.  Lord  and  D.  J.  Demorest    New  York, 

1913. 
FiLTERN  UND  Presssn  zum  Trennen  VON  Fll'^ssiokeiten  und  Fbsten  Stoffek. 

By  F.  A.  Buhler.     Lepzig,  1912. 
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Die  Abhitzkebsel.  Eine  Darstellang  der  Dampferseugung  mittels  Abwarme  von  Ofen 
nnd  Hochofengightgasen.  By  F.  Peter.  Wilhelm  Enapp,  Halle,  1913.  Price  8 
Marks.     (Gift  of  Publisher. ) 

[Note. — The  utUization  of  the  heat  of  furnace  gases  is  thoroughly  treated,  description 
of  Tarions  existing  boiler  installations  being  given,  as  well  as  feed-water  heaters  and 
superheaters  using  the  waste  heat  of  gases. — W.  P.  C] 

FiBCT-AiD  Instructions  for  Miners.      Miners'  Circular   No.   8,    U.  S.  Bureau   of 

Mines.     Washington,  1913. 
Mine  Surveyinq.    Bj  £.  B.  Durfiam.     McGraw-Hill  Book  Co.,   New  York,   1913. 

Price  $3. 50.     ( Gift  of  Publisher.  ] 

[Note. — This  is  a  book  on  mine  surveying,  having  little  on  general  surveying,  and 
eliminating  the  usual  description  of  instruments.  The  author  is  on  the  faculty  of  the 
University  of  California. — W.  P.  C] 

MiscHEN  Rt^HREN,  Kneten  und  DIE  DAZU  VERWBNDETEN  Maschinen.  By  Hermann 
Fischer.     Leipzig,  1911. 

Verdampfen  und  Verkochen.    By  W.  Greiner.     Leipzig,  1912. 

New  Books  on  Geology  and  Mineral  Production. 

Algunas  Faunas  del  Cretacico  SaPERiOR  de  Coahdila  t  Rboiones  likitrofes. 
By  Emilio  Bose.  (Boletin  del  Instituto  Geologico  de  Mexico,  No.  30.)  Mexico, 
1913. 

Australia,  Bull.  No.  18,  June,  1913,  CoMBfONWEALTH  Bureau  of  Census  and 
Statistigs.  Appendix  to  Monthly  Summary  of  Australian  Statistics.  Also  Monthly 
Summary,  BulL  No.  19,  July,  1913.     (Gift  of  Engineering  and  Mining  Journal, ) 

California  Mineral  Production  for  1912.  Bull.  No.  65,  California  State  Mining 
Bureau.     Sacramento,  1913. 

Descriptive  Catalogue  of  the  Marine  Reptiles  of  the  Oxford  Clay.    Part  IL 

By  C.  W.  Andrews.     London,  1913.     (Gift  of  the  British  Museum.) 
Mineral  Deposits.     By  Waldemar  Lindgren.    New  York,  1913. 
New  Zealand.     Mines  Statement,  1912.     Mines  Department,  Wellington,  1913. 

New  Books  on  Non-Metallic  Minerals. 

Carbonization  of  Coal.    By  V.  B.  Lewes.     New  York,  1912. 

Fuller's  Earth.    Bull.  No.  71,  U.  S.  Bureau  of  Mine^.     Washington,  1913. 

Laboratory  Study  of  the  Inflammability  of  Coal  Dust.  Bull.  No.  50,  U.  S. 
Bureau  of  Mines.     Washington,  1913. 

Non-Metallic  Minerals,  their  Occurrence  and  Uses.  Ed.  2.  By  G.  P.  Merrill. 
New  York,  1910. 

Possible  Causes  of  the  Decline  of  Oil  Wells  and  Suggested  Methods  of 
Prolonging  Yield.  Technical  Paper  No.  51,  U.  S.  Bureau  of  Mines.  Wash- 
ington, 1913. 

New  Books  on  General  Subjects. 

DlCnONNAIRE  AliLEMAND-FRANCAIS  ET  FrANCAIS-AlLEMAND  DES  TeRMS  ET  LOCU- 
TIONS Scientifiques.     By  R  Comuhert     Paris,  1913. 

Mining  World  Index  of  Current  Literature.  Vol.  HI,  1913.  Chicago,  Mining 
World  Co.,  1913.     (Gift  of  Publisher. ) 

0*Harra's  Handbook  of  the  Black  Hills.  By  C.  C.  O'Harra.  Bapid  City,  Black 
Hills  Handbook  Co.,  1913.     (Gift  of  Publbher. ) 

Pocket  Companion  for  Engineers,  Architects  and  Builders.  Containing  useful 
information  and  tables  appertaining  to  the  use  of  steel.  Carnegie  Steel  Co.,  Pittsburg, 
1913.     (Gift  of  Carnegie  Steel  Co. ) 

Statistics  of  the  American  and  Foreign  Iron  Trades  for  1912.  Annual  Statis- 
tical Beport  of  the  Bureau  of  Statistics,  1913.  American  Iron  and  Steel  Institut6| 
Philaddlphia,  1913. 
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Company  Reports. 

(gift  of  EIBBY  THOMAS.) 

Arizona  United  Mining  Co.     Report  of  J.  M.  Libbej,  Mine  Manager,  1912.    Phila- 
delphia, n.  d. 

Annual  Beport,  1912.     Philadelphia,  n.  d. 

Black  Hills  Consolidated  Mines.     Perpendicalar  view  of  the  Homestake  veins  and 
strike  of  ledges.     Lead,  8.  D.,  n.  d. 

Boulder  Mining  &  Development  Co.    Montana  tjrroap  of  Mines.    Philipsbaig,  n.  d. 

Bruce  Mines  and  Ai.goma  Railway.    Plan  showing  probable  roate  of  proposed  ex- 
tension.   ( Blue  print. ) 

Caribou  Cobalt  Mines  Co.    Description  of.    N.  p.,  n.  d. 

Champs  d'Or  Rigaud  Vaudreuil,  Ltd.     Nuggets.     Montreal,  n.  d. 

Empire  Copper  &  Qold  Mining  Co.     Description.     Los  Angeles,  n.  d. 

A  Wireless  Message.     Los  Angeles,  n.  d. 

Federal  Chemical  Co.     Improved  new  process  rock.     Louisville,  n.  d. 
Gardner  Mountain  Gold  Property,  New  Hampshire.    Report,  1913. 
Inspiration  Copper  Co.     Annual  Report,  Ist,  1910. 

Lake  Huron  &  Northern  Ontario  Railway  Co.    Description.    N.  p.,  1913. 
Marysville  Gold  Mining  Co.     Property  of,  with  map. 
Menss  Mines,  Ltd.     Prospectus.     N.  p.,  n.  d. 

Mines  Company  op  America.     Annual  Report,  1910.     New  York,  1910. 
Mutual  Mining  &  Leasing  Co.  of  Arizona.     Underwriting.    N.  p.,  n.  d. 
North,  F.  A.    A  Corporation  Handbook.     Merchants  Edition.     Boston,  n.  d. 
8an  Juan  Exploration  Co.     Description.     Washington,  n.  d. 
Superior  &  Boston  Copper  Mining  Co.     Pre-Historic  Copper  Mining. 
Temiskaminq  Mining  Co.,  Ltd.    Annual  Report,  6th,  1912. 
Thompson,  Towle  &  Co.     Production,  estimated  earnings  and  dividends  of  the  impor- 
tant copper  mines  of  the  United  States,  Mexico  and  Canada.    N.  d. 
Vanadium  Queen  Mining  Co.    Description  of  property.    N.  p.,  n.  d. 

Trade   Catalogues. 

American  Direct  Concentrating  Co.,  Salt  Lake  City,  Utah.    Bull.  A.   Tube  concen- 
trators.    Sept.,  1911. 
Chicago  Pneumatic  Tool  Co.,  Chicago,  111.     Bull.  No.  34-D.     "Chicago  Pneumatic 

Corliss  compressors,  steam-driven.     Oct.,  1913. 
Colorado  Machinery  &  Suppl.y  Co.,  Denver,  Colo.    Stock  list  No.  8,  1913.   New 

and  second-hand  machinery. 
Deibter  Concentrator  Co.,  Fort  Wayne,  Ind.    Catalogue  of  Ore  Concentrators.  Sept, 

1913. 
D.  D.  Demarest  Co.,  San  Francisco,  Cal. 

Circular  No.  27.     Pacific  Steam  Guides.     Nov.,  1911. 

Circular  No.  28.     Pacific  Lubricating  Stop  Cock.     Dec.,  1909. 

arcular  No.  30.     Pacific  Rock  Drills.    June,  1910. 

Circular  No.  33.     Neilsen  Pumps.     Dec.,  1910. 
Fort  Wayne  Electric  Works,  Fort  Wayne,  Ind.     Bull.  1143.     Fort  Wayne  Electric 

Rock  Drill,  type  "A.*'     June,  1912. 
General  Electric  Co.,  Schenectady,  New  York. 

BulL  A  4131.    Storage  battery  industrial  and  mining  locomotives.     Oct,  1913. 

Bull.  A  4151.     Engine-driven  continuous-current  generators.     Oct.,  1913. 
Globe  Iron  Works,  San  Francisco,  Cal.     Catalogue  No.  2.    Truax  Automatic  ore  cars 

1905. 
Golden- An DER.S0N   Valve  Specialty   Co.,   Pittsburg,  Pa.      Circular  of  automitic 

cushioned  steam  and  water  service  valves. 
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Ingbbsoll-Rand  Co.,  New  York,  N.  Y. 

Circalar  on  *' Imperial''  electric  driven  compressors. 

A  few  remarks  aboat  Calyx  core  drills. 

Knox    Automobile   Co.,  Springfield,    Mass.      Description  of  Knox  Martin  Tractor. 
27  pp. 

Leschek,  a.  &  Sons  Bofe  Co.,  St.  Loais,  Mo.     Leschen's  Hercules.    Nov.,  1913. 

S.  Mobgan-Smith  Co.,  York,  Pa.     Bull.  No.  104.    Smith  Turbines.     March,  1913. 

RiSDON  Ibon  Wobks,  San  Francisco,  Cal. 

Catalogue  No.  12,  £d.  4.     Gold  milling  machinery. 

Catalogue  No.  14,  Ed.  5.     RUdon-Johnston  concentrator. 

Catalogue  No.  8,  Ed.  2.     Bryan  Roller  Quartz  Mill. 

Catalogue  No.  17,  Ed.  7.     Gold  Dredging  Machinery. 

Boebling's,  John  A.  Sons  Co.,  Trenton,  N.J.     Wire  rope  at  Panama. 

Salt  Lake  Habdwabe  Co.,  Salt  Lake  City,  Utah.     Catalogue  No.  1.    Machinery. 

Sanfobd-Day  Ibon  Wobks,  Knoxville,  Tenn.     Wheelology.    Oct.,  1913. 

Sullivan  Machikebt  Co.,  Chicago,  111.    Bull.  58-L,  Ed.  2.    Air-Ksompressor  acces- 
sories.    Oct.,  1913. 

UmTED  Metal  Hose  Co.,  New  York,  N.  Y.    Catalogue  describing  different  kinds  of 
hose.     N.  d. 

Union  Ibon  Wobks  Co.,  San  Francisco,  Cal. 

Bull.  No.  1.    Union  improved  mine  safety  crosshead.     May,  1907. 

Catalogue  No.  5,  Eyans  hydraulic  elevators  and  hydraulic  mining  machinery. 

Blake  and  Dodge  rock  breakers. 

California  stamp  mill.     70  pp. 
WoBD  Bbos.,  San  Francisco,  Cal. 

Drill  Sharpener  Book. 

Drill  Maker  and  Sharpener. 

Drill  Sharpener,  Ch  lin  Drive  Type.    July,  1912.     ( Blueprint. ) 

Improved  oil  foige.     (Blueprint.) 


MEMBERSHIP. 

New  Members. 


The  following  list  comprises  the  names  of  those  persons  who  became 
members  daring  the  month  of  November,  1913 : 

Members. 

Agnew,  John  L.,  Genl.  Supt ' Copper  Cliff,  Ont,  Canada. 

Bailey,  Fbank  C,  Mine  Mgr 2903  W.  Snito  Ave.,  Spokane,  Wash. 

Bateman,  AiiAN  M.,  Min.  GeoI.,Care  L.  C.  Graton,  Geological  Museum,  Cambridge, Mass. 
Berbthill,  James  G.,Atty.-at-lawand  Mining  Investor,  Equitable Bldg.,  Des  Moines,  la. 
Cabtltdoe,  Oscab,  Mgr.  State  Mine  Rescue  Station, 

452  W.  South  Grand  Ave.,  Springfield,  111. 

Chapman,  Ibving  A.,  Miner Leonard  Hotel,  Butte,  Mont. 

Claghobn,  James  L.,  Min.  Engr Tacoma,  Wash. 

CoNGDON,  EdwabdC,  Mining 807  Lonsdale  BIdg.,  Duluth,  Minn. 

Creden,  William  I.,  Min.  Engr First  National  Bank  Bldg. ,  Butte,  Mont. 

Ernest,  Bichabd  H.,  Min.  Engr Round  Mountain,  Nev. 

Franke,  Robebt,  Min.  Engr P.  O.  Box  100,  Miami,  Ariz. 

Galloway,  Alan  D.  R.,  Min.  and  Met.  Engr La  Paz,  Bolivia,  So.  America. 

GoBDON,  Robebt,  Mine  Supt Montezuma,  Costa  Rica,  C.  A. 

Harmon,  Albin  K.  P.,  Geol 822  Mills  Bldg.,  San  Francisco,  Cal. 

Herbon,  James  H.,  Cons.  Met.  Engr 2041  E.  3d  Street,  Cleveland,  Ohio. 

Hoffmann,  Ross  B.,  Min.  Engr 228  Perry  St.,  Oakland,  CaL 

Johnson,  Clipton  B.,  Construction El  Paso  Smelting  Wks.,  El  Paso,  Texas. 

Jones,  Thomas  R.,  Mgr Buffalo  Mine,  Cobalt,  Ont.,  Canada. 

Jones,  William  W.,  N.  Y.  State  Mine  Inspector Dept.  of  Labor,  Albany,  N.  Y. 
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Laghmund,  Oscar^  Min.  Engr Greenwoodi  B.  C,  Canada. 

Leslie,  Eugene  H.,  Asst.  Editor,  Mining  and  Scientific  Pressy  420  Market  8l, 

San  Francuoo,  CaL 

McNuTT,  Vachel  H.,  Gteol.  and  Min.  Engr 318  Clinton  Building,  Tulsa,  Okla. 

Meiklejohn,  David  F.^  Min.  Engr 50  Paatita,  Guanajuato,  Mexico. 

Miller,  Donald  C,  Mm.  Engr Tyrone,  N.  M. 

NoRBis,  Edward  M.,  Min.  Engr. P.  O.  Box  470,  Butte,  Mont, 

Pierce,  Frederic  E.,  Chief  Engr.,  New  Jersey  Zinc  Co.,  55  Wall  St.,  New  York,  N.  Y. 

PRINDLE,  Edwin  J.,  Patent  Attorney HI  Broadway,  New  York,  N,  Y. 

Bea,  John  E.,  Min.  Engr W.  25  7th  Ave.,  Spokane,  WaaL 

SiVYER,  Leonard,  D.,  Min.  Engr 2135  Second  Ave.,  Loe  Angeles,  CaL 

Stoddard,  Jesse  C.,  Min.  Engr Empire  Steel  &  Iron  Co.,  Mt  Hope,  Wharton,  N.  J. 

Stone,  C.  J.,  Supt.  of  Mine P.  O.  Box  4,  Butte,  Mont. 

Troxjtman,  John  H.,  Genl.  Mgr Empire  Zinc  Co.,  703  Symmes  BIdg.,  Denver,  Colo. 

Weaver,  Alfred  H.,  Min.  Engr.... Spanish- American  Iron  Co.,  Santia^^-de-Caba,  Cul». 

WiLLiAifs,  Herbert  L.,  Met  Engr. 730  First  National  Bank  Bldg.,  Denver,  Colo. 

Winne,Rollo  D.,  Deputy  Mine  Inspector. P.  O.  Box  894,  Crystal  Falls,  Mich. 

Honorary  Members, 

Adams,  Dr.  Frank  Dawson,  Logan  Prof,  of  Geology,  and  Dean  of  the 

Faculty  of  Applied  Science,  McGill  Univ.,  Montreal,  Canada. 
OrdoI^ez,  Ezequiel Mexico  City,  Mexico. 

Associate, 
Smith,  Arthur,  Genl,  Mgr East  Ely,  Nev. 

Junior  Members. 

Horcasitas,  Auqustin  S.,  Min.  Engr Maxwell  Land  Grant  Co.,  Baldy,  N.  M. 

Leonard,  Harry  B.,  Min.  Engr Spanish- American  Iron  Co.,  Felton,  Oriente,  Cuba. 

SooLES,  John  C,  Student Univ.  of  Wis.,  Granton,  Wis. 

Slater,  John  L.,  Jr.,  Assayer 2933  Lincoln  Ave.,  Alameda,  Gal. 


Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of  No- 
vember, 1913,  for  election  as  members  of  the  Institute.  Their  names  are 
published  for  the  information  of  members  and  associates,  from  whom  the 
Committee  on  Membership  earnestly  invites  confidential  communications, 
favorable  or  unfavorable,  concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the  residence  of 
the  candidate)  will  be  allowed  for  the  reception  of  such  communications, 
before  any  action  upon  these  names  by  the  Committee.  After  the  lapse  of 
this  period,  the  Committee  will  recommend  action  by  the  Board  of  Di- 
rectors, which  has  the  power  of  final  election. 

Merribers, 

Prank  H.  Bird,  Spokane,  Wash. 

Proposed  by  L.  K.  Armstrong,  Charles  H.  Goodsell,  J.  Edward  Kea. 

Bom,  1861,  New  Haven,  Conn.  City  Schools,  New  Haven,  Conn.  1879,  Henry 
Killam  Co.,  New  Haven,  Conn.  1881,  New  Haven  Tool  Co.  1884,  Sarcent  Co.,  New 
Haven.  Conn.  1886-96,  Allis-Chalmere  Co.,  Chicago,  111.  1896-1900,  Kinnie  Manfg. 
Co.,  Minneapolis,  Minn.  1900-02.  Killgore  Manfg.  Co.,  Minneapolis,  Minn.  1906, 
Fairbanks-Morse  Co.,  Spokane,  Wash.  1907,  Bradley  Engineering  Co.,  Spokane,  Wash. 
1907-08,  Sullivan  Smelter,  Marysville,  B.  C.  1908-12,  Corrigan-McKinneyCo.,Terraa«, 
Mex.     1913,  Practice,  Spokane,  Wash. 

Present  position  :  Construction  Engineer. 
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Henry  N.  Baumann,  Jr.,  Ghichagof,  Alaska. 

Proposed  by  Milnor  Roberts,  Joseph  Daniels,  Henry  Landes. 

Bom,  18S8,  Sacramento,  Cal.  1906,  Grad.  Seattle  High  School.  1911,  Grad.  College 
of  Mines,  University  of  Washington  ;  B.  S.  degree.  Summers  1907-08,  Snowstorm  & 
Standard  Mines,  Mace,  Idaho ;  Smelter  construction,  Bunker  Hill  M.  &  8.  Co.,  Belter, 
Wash.  1911,  Assa^er  and  draftsman,  Bohlfis  &  Soole,  Mining  £ngrB.,  Valdez,  Alaska. 
1912,  Chicagof  Mining  Co.,  Chichagof,  Alaska. 

Present  position  :  Amalgamator. 

Frank  Cleveland  Blickensderfer,  Morenci,  Ariz. 

Proposed  by  M.  H.  McLean,  Frank  W.  McLean,  F.  H.  Hayes. 

Bom,  1887,  Canal  Dover,  Ohio.  1907-11,  Ohio  State  University  School  of  Mines ;  de- 
gree Engineer  of  Mines.  1905-07,  Penn.  Iron  &  Coal  Co.,  pig  iron  blast  furnace.  Canal 
Dover,  Ohio.  1911-12,  Assayer,  Detroit  Copper  Mining  Co.,  Morenci,  Ariz.  1912,  Shift 
Foreman,  Leaching  Plant,  Mezicana  Metallurgical  Co.  1912-13,  Assayer  and  Sampler, 
Detroit  Copper  Mining  Co.,  Morenci,  Ariz. 

Present  position  ;  Sampler  in  concentrator  of  Detroit  Copper  Mining  Co.,  Morenci,  Ariz. 

Burt  Boynton  Brewster,  St.  Louis,  Mo. 

Proposed  by  H.  O.  Mercer,  F.  L.  Van  Orden,  W.  E.  Hopper. 

Bom,  1890,  Brussels,  Belgium.  1898-1902,  Schools  in  New  York  City.  1902-03,  Pri- 
vate Tutorship.  1903-08,  Smith  Academy,  Wash.  University,  St.  Louis,  Mo.  1908-12, 
Michigan  College  of  Mines,  1911-12.  Engr  for  Willis  Coal  &  Mining  Co.  and  Columbia 
Quarries  Co.,  St.  Louis.     1912,  Sales  Engineer,  Sullivan  Co.,  St  Louis,  Mo. 

Present  position ;  Sales  Engineer,  St.  Louis,  Durson-Sullivan  Mch.  Co. 

Henry  Oliver  Coles,  Bisbee,  Ariz. 

Proposed  by  R.  R.  Goodrich,  A.  L.  Waters,  H.  B.  Goodrich. 

Born,  1887,  Chicago,  111.  1913,  Degree  B.  S.  MiningEngineering,  University  of  Ariz., 
four  years  C.  &  A.  and  C.  Q.  mines,  Bisbee,  Ariz.  1912,  Filter  plant  operator,  El  Tigre, 
Mexico. 

Present  position :  Assayer  Copper  Queen  Min.  Co.,  Ariz. 

Hilton  H.  Colley,  Douglas,  Ariz. 

Proposed  by  Forest  Rutherford,  Harold  O.  Hammond,  Gerald  Sherman. 

Bom,  1875,  England.  1898-1901,  Teehnical  Chemistry  and  Metallurgy  at  Rolla  School 
of  Mines,  Mo.  1898-1901,  Assayer  for  Kansas  City  Consolidated  Smelting  &  Refining  Co. 
1902-04,  Head  Chemi-t  and  Assayer  for  Penns.  Western  Smelter  Co..  Kansas.  1904, 
Foreman  for  Waihi  Gold  Mining  Co.,  N.  Z.  1905,  Chemist  for  Mineral  Point  Zinc  Co., 
North  Chicago.  1905-07,  Assayer  for  Copper  Queen  Consolidated  Mining  Co.  1905-13, 
Asst  Supt.,  Copper  Queen  Consolidated  Mining  Co.,  Douglas,  Ariz. 

Present  position  ;  Asst.  Metallurgist,  Copper  Queen  Cons.  Mining  Co. 

A.  W.  Dickinson,  Bevier,  Mo. 

Proposed  by  F.  W.  McNair,  William  Kelly,  F.  L.  Van  Orden. 

Born,  1886,  Highland  Park,  111.  1903,  Grad.  Englewood  High  School,  Chicago. 
1905-08,  Michigan  College  of  Mines ;  d^ree  E.  M.  1908,  Asst.  Engr.  C.  C.  &  C.  Co., 
Pittsburg,  Kan.  1910,  Res.  Engr.  C.  C.  &  C.  Co  ,  Bevier,  Mo.  1911,  Dist.  Supt.,  C.  C.  & 
C.  Co.  1903,  Roustabout,  C.  B.  Smith,  R.  R.  Contractor,  Tenn.  and  Miss.  1904,  Mule 
Driver,  Batson  Prairie  Oilfield,  Tex.;  Timekeeper,  United  Oil  &  Refining  Co.,  Beau- 
mont, Texas ;  pumper  and  oil  tester  for  same  fi  rm.  1904-05,  Armour  Packing  Co. ,  Chicago. 
Summer  1905-OS,  Timberman  and  Machine  helper,  Baltic  Mine,  Copper  Range  ConsL, 
Baltic,  Mich.     1908  to  date,  Lead  and  Zinc  Co.,  Platteviile,  Wis. 

Present  position  :  Dist.  Supt.,  Central  Coal  &  Coke  Co.,  Kansas  City,  Mo. 

Fletcher  Gardner  Downs,  312  Calle  Washington,  Montevideo,  Uruguay,  S.  A. 

Proposed  by  Mortimer  L.  Lee,  Thomas  T.  Read,  G.  H.  Hooper. 

Bom,  1885,  Jersey  Ciiy,  N.  J.  19' iG,  Degree  Bachelor  of  Arts,  Columbia  University, 
N.  Y.  1908,  Degree  of  Engineer  of  Mines,  Columbia  School  of  Mines,  N.  Y.  1908-09, 
Asst  to  Mgr.,  Fixico  Mining  Co.,  Fixico,  Ala.  1911-12,  Assayer  and  bookkeeper  for 
Bustis  Mining  Co.,  Eustis,  Quebec,  Canada. 

Present  position :  Surveyor  for  Inst,  de  Geologia  y  Perforaciones,  Uruguayan  govern- 
ment. 

Alfred  Winter  Evans,  Reefton,  New  Zealand. 
Proposed  by  Thomas  T.  Read,  J.  F.  Kemp,  Charles  Berkey. 

Born,  1881,  Natal,  So.  Africa.  1893,  Durban  High  School,  So.  Africa.  1893-98,  St 
George's  School,  Harpenden  Hts.,  Eng.     1902-06,  Columbia  University,  N.  Y.  ;  degree 
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E.  M.  1898-99,  Crown  Deep  G.  M.  Co.,  Johannesburg.  1899-1902,  Boer  War.  1906, 
Assayer  to  Mining  Co.,  Poland,  Ariz.  1907-08,  Undergroand  contractor,  So.  Afrion 
Mines,  French  Band  G.  M.  Co. ,  Village  Haih  Beef  City  Deep,  Ferrerra  G.  M.  Co., 
Johannesburg.  19t9,  G.  Mgr.,  Consolidated  Goldfields  of  i^.  Zld.  1910-11,  Asst  G«q'1 
Mgr.  Simmer  Deep  G.  M.  Co.,  Johannesburg. 

Present  position:  Genl.  Mgr.  and  Consulting  Engr.,  Consolidated  Goldfields  of  New 
Zealand,  Ltd.,  Beef  ton,  N.  Z. 

Arthur  Ransford  Fletcher,  El  Callao,  Venezuela. 

Proposed  by  J.  F.  Kemp,  Charles  Berkey,  W.  M.  Drury. 

Bom,  1883,  Ogden,  Utah.  1902-07,  Leland  Stanford  University;  Bachelor  of  Arts. 
1909-11,  Columbia  University;  Engineer  of  Mines.  1905,  Patent  Surveyor,  U.  &  Dep. 
Min.  Surveyor.  1907-09,  Aid  U.  S.  Coast  and  Geodetic  Survey,  Philippine  Islso<k 
1911-12,  Geological  and  reporting  work  for  W.  Bowland  Cox,  Canada,  U.  S.  and  Mexico. 
1912-13,  Amencan  Smelters  Securities  Co.,  Santa  Barbara;  Snpt.  at  Villa  Escobedo, 
Mexico. 

Present  position ;  Mining  Engineer  with  Campagnie  Femiete  dee  Mines  d'Or  d'El 
Dorado,  Venezuela. 

Charles  N.  Forrest,  Maurer,  N.  J. 

Proposed  by  Anthony  F.  Lucas,  C.  T.  Day,  Samuel  Whinery. 

Bom,  1873,  Baltimore,  Md.  Public  Schools,  Baltimore  Polytechnic,  Maryland  Institute. 
1896,  Chemical  instmction  as  special  student  Columbian  University,  Washington,  I).  C 
1892,  Asst.  in  Chem.  and  Phys.  Laboratories,  Baltimore  &  Ohio  R.  R.,  Baltimore,  Md. 
1896-97,  Asst.  Chem  Southern  Ry.,  Washington,  D.  C.  1897-1904,  Chemist  and  Inspec- 
tor, L.  L  R.  R.,  L.  I.  City,  N.  Y. 

Present  position  :  1904  to  date,  Chief  Chemist,  New  York  Testing  laboratory. 

Everett  Lawrence  Praser,  Allegheny,  Cal. 

Proposed  by  E.  Howe,  William  Hague,  A.  D.  Foote. 

Bora,  1881,  Hudson,  Mass.  1899,  College  in  Boston.  1906,  Big  Canyon  Mine,  Cal. 
1907,  Odell  Wilson,  Cleveland.  1908-12,  W.  P.  Hammon,  San  Francisco,  Mine  Sampler, 
Assayer,  Mine  and  Mill  foreman,  Asst.  Supt     1912,  Tightner  Mine  Co.,  Allegheny,  CaL 

Present  position  :  Mill  Supt,  Tightner  Mine  Co. 

Albert  W.  Frolli,  216  N.  Main  St.,  Salinas,  Cal. 

Proposed  by  H.  W.  Young,  G.  H.  Cleveng^r,  D.  M,  Folsom. 

Bom,  1885,  Salinas,  Cal.  1905-09,  Stanford  Univ. ;  A.  B.  1910,  Sorveyorand  Dnfte- 
num,  L.  G.  Hare,  Tecopa  Mining  Co.,  Tecopa,  Cal.  1911,  Geologist,  R  T.  Hill  Mexico; 
Concentratorman,  Ray  Copper  Co.,  Ariz.  ;  Concentratorman,  Miami  Copper  Co.,  Arii. ; 
Chum  Drill  Sampler,  Inspiration  Copper  Co.,  Ariz.  ;  Cyanide  Foreman,  \  ulture  Mine  Co., 
Ariz. 

Present  position  :  1911  to  date,  Examining  Engineer,  Babiloma  Gold  Mines,  Ltd.,  Nica- 
ragua, C.  A. 

A.  Stanley  Hill,  Gem,  Idaho. 

Proposed  by  James  F.  McCarthy,  W.  J.  Hall,  Rush  J.  White. 

Born,  1888,  Minneapolis,  Minn.  1906,  Central  High  School,  Minneapolis.  1911, 
Grad.  School  Mines,  University  of  Minnesota  ;  E.  M.  1909,  Hecla  Mine,  Burke,  Idaho. 
1911-12,  liake  Superior  Corp.,  Ontario,  Canada;  Engineer  Magpie  Mine,  SupL  of  dia- 
mond drill  exploration. 

Present  position  :  Assayer,  Hecla  Mining  Co.,  Gem,  Idaho. 

Hugh  Gerald  Hilton,  Erie,  Pa. 

Proposed  by  Edward  B.  Cook,  James  Gayley. 

Born,  1889,  Strathroy,  Out.  1910,  B.  S.,  Case  School  of  Applied  Science.  Sammen 
1907-08-09,  Champion  Copper  Co.,  Painesdale,  Mich.  ;  Oliver  Iron  Mining  Co.,  Coleraine, 
Minn.,  Homestake  Mining  Co..  Lead,  S.  D.    1910-13,  Federal  Furnace  Co.,  oo.  Chicago,  III. 

Present  position  :  General  Foreman  Penn.  Iron  Co.,  Erie,  Pa. 

George  J.  Lyon,  Schenectady,  N.  Y. 

Proposed  by  Thomas  T.  Read,  Fred.  Crabtree,  C.  T.  Griswold. 

Bom,  1874,  New  York  Citv.  Public  Schools  of  New  York.  1899,  B.  8.  degree,  Uni- 
versity of  Nebraska.  1904,  Civil  Engineer,  Columbia  University.  1899-1902,  Bailroid 
experience  on  location,  construction  and  maintenance  with  Union  Pacific,  New  York  Cen- 
tral and  New  York,  Ontario  &  Western  Railn^ads.     1904-10,  Prof,  of  Civil  Engineering, 
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Colorado  Springs.  1900  to  date,  Asst  Prof.  Civil  Engineering,  Union  College,  in  charge 
of  hydraulics,  water  supply,  sanitary  engineering ;  Asst.  ei^neer  U.  S.  Geological  Sur- 
vey, Denver  and  New  York  districts.     1904  to  date,  Consulting  Engineer. 

Present  position :  Asst.  Engineer,  U.  S.  Geological  Survey ;  Aast.  Prof.  Civil  Engineer- 
ing, Union  College  ;  Consulting  Engineer. 

Newton  C.  Marshall,  Winona,  Mich. 

Proposed  by  R.  R.  Seeber,  A.  L.  Dickerman,  Charles  F.  Rand. 

Bom,  1888,  Milwaukee,  Wis.  1908-11,  Engineering  Dept.,  University  of  Michigan. 
1911-13,  Michigan  College  of  Mines  ;  degree  B.  S.  and  E.  M.  1906-08,  Draftsman,  £ng. 
Dept,  Chicago,  Rock.  Island  &  Pacific  Rr.,  Davenport,  Iowa.  1909-10,  Draftsman,  fore- 
man, instrument  man,  Isthmian  Canal  Commission  and  Panama  Railroad,  Canal  Zone. 
1913,  Instructor  in  Mine  Surveying,  Michigan  College  of  Mines  ;  Mining  Engineer, 
Winona  Copper  Co.,  Winona,  Mich. 

George  Bowen  Marshall,  Miramor,  Costa  Rica. 

Proposed  by  H.  B.  Price,  A.  E.  Keiller,  P.  G.  Spilsbury. 

Bom,  1879,  New  York  City.  Grad.  Michigan  College  of  Mines,  degree  B.  S.  Grad. 
N.  Y.  Public  Schools,  N.  Y.  Prep  School.  1907,  Transitman;  N.  Y.,  N.  H.  &  H.  R.  R. 
1906,  Surveyor,  Standard  Cons.  Min.  Co.,  Bodie,  Cal.  ;  Sampler,  El  Oro  Min.  &  R.  R.  Co., 
£1  Oro,  Mexico.     1909-10,  Shift  boas,  C^nide  Plants,  El  Cuba  Mine  &  Mill  Co.,  Mexico. 

Present  position  :  Engineer,  Mine  La  Union,  Panama  &  Costa  Rica  Mine  Co. 

William  J.  McGee,  San  Faancisco,  Cal. 
Proposed  by  Thomas  T.  Read,  W.  C.  Ralston,  E.  H.  Benjamin. 

Born,  1873,  California.     Grad.  Law  Dept.,  University  of  Cal.     Actively  engaged  in 
quartz  mining  in  Amador  County,  Cal. 
Present  position  :  Asst.  Treasurer  of  the  U.  S.  at  San  Francisoo,  Cal. 

Frank  Kenyon  Mcintosh,  Verona^  Mich. 

Proposed  by  F.  W.  Sperr,  L.  M.  Hardenburgh,  Stephen  Royce. 

Bora,  1888,  Brownsvule,  Ind.  Common  ana  High  School,  Traverse  City.  1911,  Mich. 
College  of  Mines,  Houghton,  Mich.  ;  B.  S.  and  Engineer  of  Mines.  1911,  Engineer  of 
Gary  Mines,  Henley,  Wis.    1913,  Engineer  for  Pickands  Mather,  Gogebic  Range. 

Present  position :  Supt  Mikado  Mine,  Verona,  Mich. 

Stanley  R.  Moore,  Wallace,  Idaho. 

Proposed  by  W.  J.  Hall,  Francis  A.  Thomson,  L.  K.  Armstrong.  O.  B.  Hofstrand. 

Bom,  1 877,  Republic,  Ohio.  1900-04,  course  in  Mining  Engineering  Univ.  of  Missouri ; 
degree  B.  S.  and  E.  M.  1904-05,  Montana  Zinc  Co.,  Butte,  Mont.  1905-07,  Mining 
Engr.  for  Silver  Fissure  Min.  Co.,  Polaris,  Mont  1907-12,  General  Engineering  practice 
at  Wallace,  Idaho.     1913,  Success  Mining  Co.,  Wallace,  Idaho. 

Present  position  :  Foreman  Success  Mine. 

Henry  H.  Otto,  Wilkes-Barre,  Pa. 

Proposed  by  Howard  Eckfeldt,  Paul  Sterling,  F.  W.  Chaser. 

Bora,  1886,  Philadelphia,  Pa.  1892-1903,  Hazelton,  Pa.,  Public  Schools  and  High 
School.  1907-08,  Har^  Hillman  Academy,  Wilkes-Barre,  Pa.  1908-12,  Lehigh  Uni- 
versity, So.  Bethlehem,  Fa.  ;  degree  E.  M. ;  Lehigh  Valley  Coal  Co.,  Mining  Engineering 
Dept.  1901-02-04,  Lehigh  Valley  Coal  Co.,  Wilkes-Barre.  1904-06,  Kingston  Coal  Co. 
Summers  1908-09,  Lehigh  Valley  Coal  Co.  Summers  1910-11,  U.  S.  G.  Survey,  Topo- 
graphic Aid. 

Present  position :  1912  to  date.  Inspector  in  the  Inspection  of  Equipment  Dept.,  Lehigh 
Valley  Coal  Co. 

Ralph  R.  Parish,  Waterbury,  Conn. 

Proposed  by  L.  W.  Bahney,  J.  F.  McClelland,  .Toeeph  W.  Roe. 

Born,  1886,  Portland,  Me.     1909,  Ph.  B.,  Yale  University;  Federal  Mining  &  Smelt- 
ing Co.    1910j  La  Plata  Gold  Mining  Co.    1911,  Chase  Rolling  Mill  Co.,  Waterbury,  Conn. 
Present  position  :  Chemist  for  the  Chase  Rolling  Mill  Co. 

Floyd  W.  Parsons,  N.  Y.  City. 

Proposed  by  Louis  D.  Huntoon,  Kirby  Thomas,  W.  R.  Ingalls. 

Bom,  1880,  Keyser,  W.  Va.  1902,  degree  E.  M.,  Lehigh  Univ.,  So.  Bethlehem,  Pa.  ; 
Backs^ht  Engineer  Corps,  Lehigh  Valley  Coal  Co.  ;  advance  to  district  engineer.  1903, 
Asst  Engr.  Cons.  Coal  Co.,  Fairmont,  W.  Va.  1904,  Chief  Engr.,  New  River  Collieries 
Co.,  Rush  Run,  W.  Va.  1905,  Instructor  of  Mining,  Mich.  College  of  Mines,  Houghton, 
Mich.  1906,  Chief  Engr.,  Victoria-American  Fuel  Co.,  Denver,  Colo.  1907-11,  Asso- 
ciate Ed.  E,  and  M,  Journal, 

Present  position  :  Editor  Coal  Age, 
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Curtis  Pigott,  Eiwt  Helena,  Mont 

Proposed  by  Reno  H.  Sales,  F.  M.  Smith,  J.  A.  Grimes. 

Bom,  1887,  Booneville,  Mo.  1905-08,  Yale ;  Ph.  B.  1908-10,  Columbia  School  of 
Mines  ;  degree  R  M.  1910-11,  Asst.  Chemist  at  East  Helena  Plant  of  American  Smelt- 
fng&  Befininff  Co. 

Present  position  :  1911  to  date,  In  charge  of  Boasters  at  East  Helena  Plant 

Winfield  S.  Potter,  Pittsbnrg,  Pa. 

Proposed  by  Charles  H.  White,  Albert  Sauveur,  Herbert  M.  Boylston. 

Bom,  1866,  Brooklyn,  N.  Y.  1880-87,  Brooklyn  Polytechnic ;  B.  &  1888-90,  Rens- 
selaer Polytechnic  ;  C.  E.  1890-91,  Instructor  Bensselaer  Poly.  1883-91,  Building  Con- 
struction, St.  Paul,  Minn.,  and  Birmingham,  Ala.  1889-99,  Mining,  Logging,  Farming, 
Dakotas,  Wyoming,  Montana,  Minnesota.  1899-1904,  Steel  Foundry,  Am.  Hoist  &  Der- 
rick Co.,  St  Paul ;  Wm.  Wharton,  Jr.,  Phila.  ;  Newport  News  Shipbuilding  &  Dry  Dock 
Co. ;  Am.  Brake  Shoe  A  Fdy.  Co.,  Qhicago  Heights.  1904-08,  Iron  Founding,  American 
Brake  Shoe  Co.    1906-12,  Manganese  Steel  Rolling  and  Forging. 

Present  position  :  V.  P.  Manganese  Steel  Rail  Co.,  Pres.  Alloy  Steel  Forging  Co. 

Henry  B.  Reed,  New  York.  N.  Y. 

Proposed  by  W.  L.  Saunders.  H.  A.  Keller,  Georse  A.  Howells. 

Bora,  1 867,  Canton,  Ohio.  Public  Schools  and  Feller  Commercial  School  of  Canton, 
Ohio.  1884-90,  Asst  Engr.  Location  and  construction  of  portions,  Wheeling  and  Lake 
Erie;  Baltimore  &  Ohio,  Penn.  Railroads;  Development  of  coal  mining  properties. 
1890-95,  Chief  Engr.  Ryan  &  McDonald  Cons.  Co.,  building  Baltimore  &  Ohio  Bailroad 
tunnels.  1895-1912,  Chief  Engr.  and  GenL  Supt  McDonald  &  Onderdonk,  contncton 
construction  of  Jerome  Park  Reservoir  and  aqueducts,  New  York  City  Water  Supply; 
Engr.  for  J.  B.  McDonald  and  the  Rapid  Transit  Subway  Construction  Co. 

K-esent  position  :  1909  to  date,  Pres.  Brothers  Valley  Coal  Co.,  Maodonaldton,  Pa. 

Clifford  Richardson,  New  York,  N.  Y. 

Proposed  by  David  T.  Day,  Anthony  F.  Lucas,  Thomas  T.  Read. 


phalt  pavements,  etc. 

Present  position  ;  1910  to  date,  Consulting  Chemical  Engineer  and  Expert  oa  Roads  and 
Paving  Constraction. 

Andrew  Rocca,  Jr.,  Larson,  Idaho. 

Proposed  by  L.  K.  Armstrong,  Francis  A.  Thomson,  William  J.  Hall,  O.  B.  Hofstnnd. 

Bora,  1889,  Middletown,  Cal.  1910-Jan.,  1912,  University  of  California,  class  of  1914. 
Jan.-Mar.,  1912,  Helen  Quicksilver  Mine,  Cal.  Mar.-^uly,  1912,  Bunker  Hill  A  Sulliran 
Mining  &  Concentrating  Co.     July,  1912,  to  date,  Snow  Storm  Mining  Co. 

Present  position  :  Engineer  for  the  above  company. 

Sydney  Lathan  Shonta,  Wallace,  Idaho. 

Proposed  by  Francis  A.  Thomson,  W.  J.  Hall,  L.  R.  Armstrong,  R.  J.  White. 

Born,  1881,  Fergus  Falls,  Minn.  1904,  E.  M.,  Minnesota  School  of  Mines.  1904-05, 
Federal  Mining  <&  Smelting  Co.  1905-07,  Bunker  Hill  A  Sullivan  Min.  Co.  1907-09, 
Pittsburg  Lead-Mining  Co.     1909-11,  Bunker  Hill  &  Sullivan  Min.  Co. 

Present  position  :  1911  to  date,  private  practice. 

Frederick  N.  Shepard,  Franklin  Furnace,  N.  J. 

Proposed  by  George  C.  Stone,  J.  A.  Van  Mater,  William  A.  Pomeroy. 

Born,  1881,  So.  Orange.  N.  J.  1902,  A.  B.,  Princeton  Univ.  1904,  E.  E.,  Princeton 
Univ.  1904-05,  Westinghonse  Electric  A  Manufacturing  Co.,  Engineering  Apprentice. 
1906,  N.  Y.  C.  &  Hudson  River  R.  R.  Co.,  Electrical  Engineering  Ocpt  1905-10,  N-  J. 
Zinc  Co.,  Mill  Asst  and  Electrical  Engr. 

Present  position  :  1910  to  date.  Mill  Supt.,  The  New  Jersey  Zinc  Co.,  Franklin  Mines, 
Franklin,  N.  J. 

Frank  G.  Stantial,  Everett,  Mass. 

Proix)sed  by  Augustus  H.  Eustis,  Robert  H.  Richards,  Charles  R  Locke. 

Born,  1857,  Melrose,  Mass.    Grad.  in  Chemistry,  S.  B.,  Mass.  Institute  Technologj. 

Present  position  :    1882  to  date,  Supt.  Cockran  Chemical  Co. 
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Forrest  M.  Towl,  New  York,  N.  Y. 

Proposed  by  D.  T.  Day,  E-  W.  Parker,  Anthony  F.  Lucas. 

Born,  1863,  Parma,  Ohio.  1879,  Grad.  Brooklyn  Village,  Ohio,  high  school.  1886. 
Grad.  Cornell  University  ;  decree  C.  E.  1879-81,  Field  work.  1881-86,  Student  Cornell 
University.  1886-1911,  Engineering  work  with  Standard  Oil  Co.  1911  to  date,  Pres. 
Southern  Pipe  Line  Co.,  The  Eurelut  Pipe  Line  Co.,  South  West  Penna.  Pipe  Lines, 
Cumberland  Pipe  Line  Co.,  Inc. 

Present  position  :  President  of  above  companies. 

Andrew  Millick  Tweedy,  New  York,  N.  Y. 

Proposed  by  Felix  A.  Vogel,  Henry  D.  Hibbard,  Bradley  Stoughton. 

Born,  1884,  Knickerbocker,  Texas.  1905-06,  (!^olumbia  School  of  Mines  ;  degree  £.  M. 
1900-02,  High  School,  Plainfield,  N.  J.  1902-03,  Princeton,  C.  E,  Dept.  1911-12,  Asst. 
to  Mgr.  Mining  Dept.  Cia.  Metalurgica  Mezicana,  Mexico.  1910-11,  Asst.  Supt.  San 
Pedro  Mines,  Mexico.  1908-10,  Mine  Foreman,  Montezuma  Lead  Co.,  Santa  mrbara. 
1907-08,  8hifl  boss  Sierra  Majado  Mines,  Cia.  Meta.  Mexa.  1907,  Supt.  American  Py- 
rites Co.,  Gonverneur,  N.  Y.     1906,  Engineer,  St.  Lawrence  Pyrites  Co.,  Harmon,  N.  Y\ 

Present  position  ;  Engineer,  General  Briq netting  Co.,  Bates  Iron  Co.,  Florence  Iron  Co. 

Ray  E.  Walters,  Larson,  Idaho. 

Proposed  by  W.  £.  Greenongh,  L.  K.  Armstrong,  Francis  A.  Thomson,  B.  J.  White. 

Born,  1884,  Kansas.  1905,  University  Montana ;  A.  B.  1910,  Columbia  University,  E. 
M.  1906,  Snow  Storm  Mining  Co.,  Miner.  1907,  Bunker  Hill  &  Sullivan,  Miner.  1909, 
Snow  Storm,  Miner.     1910,  Goldfield  Con.,  Miner.     1911,  Snow  Storm,  Engineer. 

Present  position  :  1912  to  date,  Asst.  Manager,  Snow  Storm  Mining  Co.,  Larson,  Idaho. 

John  D.  Wanvig,  Jr.,  Patagonia,  Ariz. 

Proposed  bv  R.  B.  Earling,  G.  H.  Morgan,  Frank  H.  Probert. 

Bom,  1887,'  Milwaukee,  Wis.  1907,  B.  S.,  Michigan  College  of  Mines.  1908,  E.  M., 
Michigan  College  of  Mines.  1907,  Engr.  Cole  &  McDonald  Exploration  Co.,  Virginia, 
Minn.  1908,  Engr.  Miami  Copper  Co.,  Miami,  Ariz.  1909,  Engr.  Superior  &  Boston 
Copper  Co.,  Globe,  Ariz.  1909-11,  Supt.  Superior  &  Boston  Copper  Co.,  Globe,  Ariz. 
1912,  Engr.  Frank  H.  Probert,  Los  Angeles,  Cal. 

Present  position ;  Supt.  Three  R.  Mines,  Patagonia,  Ariz, 

George  Wellington  Waters,  Gatico,  Chile. 

Proposed  by  K  P.  Mathewson,  C.  D.  Demond,  F.  F.  Frick. 

Bom,  1860,  Newark,  N.  J.  Public  Schools  in  Orange,  N.  J.  1871-73,  Newark  Academy. 
1874,  Burnett  St.  Grammar  School.  1875-76,  Newark  High  School.  1895-98,  Charge  of 
the  Pocillas  Gold  Mining  Syndicate's  Mines  at  Pocillas,  Chile.  1878-85, Edison  Co., 
Electrical  Engineer,  in  the  States  and  Chile.  1907  to  date.  Chief  Engineer  and  Mgr.  Cia. 
de  Minas  de  Cobre  de  Ghitico,  Gatico,  Chile.  188S  to  date,  member  of  Spencer  &  Waters, 
Santiago,  Chile.  1908  to  date,  Associated  with  F.  D.  Alier  as  Ore  Purchasing  Agent  for 
A.  S.  &R.  Co.,  in  Chile. 

Present  position  ;  Mgr.  of  the  Cia.  de  Minas  de  Cobre  de  Gatico,  Gatico,  Chile. 

David  White,  Washington,  D.  C. 

Proposed  by  Anthony  }*.  Luca^,  George  O.  Smith,  D.  T.  Day. 

Bom,  1862,  Palmyra,  N.  Y.  1886,  B.  S.,  Cornell  Univ.  1886  to  date,  U.  S.  Geologi- 
cal Survey  ;  Honorary  connection  with  Smithsonian  Inst.  ;  Personal  interest  in  Fossil 
Plants  and  the  Geology  of  Fuels. 

Present  position  :  Chief  Geologist,  U.  S.  Geological  Survey,  Washington,  D.  C. 

James  B.  White,  Marion,  Ky. 

Proposed  by  Reno  H.  Sales,  tf.  A.  Grimes,  M.  H.  Gidel. 

Bom,  Louisville,  Ky.,  1872.  Attended  various  schools  in  Louisville.  1887,  St.  Mary's 
College,  Kansas ;  degree  A.  B.  1895,  Employed  by  Anaconda  Copper  Mining  Co.,  4 
years  in  Engineering  Dept.  and  4  years  in  the  Geological  Dept.  1904-05,  Engineer  for 
United  Copper  Co.     1905-09,  Mining  on  own  account. 

Present  position  ;  Supt.  Eclipse  Mining  Co.,  Marion,  Ky. 

Perry  Brace  Wickham,  Almeda,  Josephine  Co.,  Oregon, 

Proposed  by  L.  Y.  Keady,  I.  B.  Hammond,  James  Lindsley. 

Bom,  1884,  Fairmont,  Minn.  No  college  education,  practical  experience.  1900-07. 
Mine  labor  and  study  with  small  operation  in  personal  interests.  1907-08,  General  fore- 
man on  development  for  Almeda  Cons.  Mines  Co. ,  Portland,  Ore.  1908,  Assayer  on  Mont. 
Hetallureical  Works,  Portland,  Ore.  1909,  Personal  interests  and  study.  1910-11,  Supt. 
Almeda  Cons.  Mines  Co.  1912-13,  Asst.  Mgr.  in  charge  of  Mining  and  Smelting  opera- 
tions Almeda  Cons.  Mines  Co. 

I^iesent  position  :  Negotiating  for  lease  and  land  on  a  mining  and  smelting  proposition. 
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Sidney  Leo  Wise,  New  York,  N.  Y. 

Proposed  by  J.  F.  Kemp,  H.  H.  Wilkins,  W.  B.  Bevereux,  Jr. 

Born,  1888,  Baltimore,  Md.  1907,  Grad.  Columbia  Grammar  School.  1911,  degree  £ 
M.,  Columbia  Univ.,  School  of  Mines.  1911-12,  Asst.  Engr.  Suriana  Mining  &  Smdting 
Co.,  Guerrero,  Mez.  1912-13,  Engineer  for  Mines  Management  Co.,  New  York,  at  mioe 
of  Vermont  Copper  Co.,  So.  Stafford,  Vt. 

Present  position  ;  Engineer  with  Mines  Management  Co. 

Louis  M.  Zach,  Bonne  Terre,  Mo. 

Proposed  by  Thomas  T.  Read,  C.  J.  Adami,  O.  M.  Bilharz. 

Bom,  1887,  New  Haven,  Conn.  1906-10,  Columbia  Univ.,  degree  M.  R  1902-06, 
Boardman  M.  T.  H.  S.,  New  Haven,  Conn.  ;  Brookl3m  M.  T.  H.  8.,  Brooklyo,  N.Y.; 
De  Witt  Clinton  H.  S.,  New  York  Gty.  1893-1902,  Eaton  Grammar  School,  New  Haven, 
Conn.  1910,  Loen  Mfg.  Co.,  Cleveland,  Ohio,  draftsman.  1907,  De  La  Vergne  Mch.  Co. 
1910,  Wells  Bros.  Co.,  Greenfield,  Mass.  ;  efficiency  engineer.  1911,  Wicker  Broe.  Co., 
Saginaw,  Mich.,  dcBigner;  Sandusky  Portland  Cement  Co.,  Syracuse,  Ind.,  oonstraction 
engr.  1912,  Nicholson  Tile  Co.,  Port  Hope,  Ont,  efficiency  engineer ;  Dominion  Coal 
&  Iron  Co.,  Glace  Bay,  Nova  Scotia,  deaigner :  Dixie  Portland  Cement  Co.,  Bichard  Citj, 
Tenn ,  construction  engr. 

Present  position  :  Construction  engineer  with  Doe  Bun  Lead  Co.,  Rivermines,  Mo. 

Associate  Members. 

R.  E.  Murphy,  Spokane,  Wash. 

Proposed  by  Rush  J.  White,  W.  J.  Hall,  George  W.  Roddewig. 

Bom,  1880,  Empire,  Nev.     Grad.  Carson,  Nev.,  High  School,  1897. 

Present  position :  1902  to  date,  Salesman  E.  I.  Du  Pont  de  Nemours  Powder  Co. 

L.  B.  Warner,  Larson,  Idaho. 

Proposed  by  L.  K.  Armstrong,  W.  J.  Hall,  Francis  A.  Thomson,  O.  B.  Hobtnod. 

Bom,  1866,  Iowa. 

Present  position  ;  Mill  Foreman,  Snow  Storm  Mining  Co. 

Junior  Members. 

Charles  L.  Bardick,  Boston,  Mass. 

Proposed  by  Carle  R  Hay  ward,  H.  O.  Hofman,  Edward  E.  Bugbee. 

Born.  1892,  Denver,  Colo.  1911,  Drake  University,  Des  Moines,  la. ;  B.  S.  1913, 
Mass.  Inst.  Tech.,  Boston  ;  B.  S.  Summer  1911-12,  Asst  Chem.  Testing  Labontoir, 
Chicago  &  Northwestern  Bat  I  way.  Summer  1913,  Research  work.  Mass.  Inst  oi  Tedi- 
nology. 

Present  position :  Grad.  Student  in  Chemistry,  Mass.  Inst  of  Technology. 

Robert  Joseph  Cole,  Bntte,  Mont. 

Proposed  by  D.  C.  Bard,  Theodore  Simons,  C.  H.  Bowman. 

Bora,  1890,  Blue  Earth,  Minn.  1910-11,  Student,  Obllege  of  Mines,  Univ.  of  Wash- 
ington.    Summer  1910,  Federal  Mining  and  Smelting  Co.,  Wardner,  Idaho.    Summer 

1912,  Bunker  Hill  &  Sullivan  Mining  &  Concentrating  Co.,  Kellogg,  Idaho.    Summer 

1913,  West  Colusa  Mine,  Amalgamated  Copper  Co.,  Butte,  Mont. 
Present  position  :  Student,  Montana  State  School  of  Mines.  Senior  Class. 

Joseph  P.  Lyden,  628  So.  Wyoming  St.,  Butte,  Mont 
Proposed  by  D.  C.  Bard,  Theodore  Simons,  C.  H.  Bowman. 
Bora,  1891,  Butte,  Mont 
Present  position  :  Senior,  Montana  State  School  of  Mines. 

Brandon  Patrick  McMahon,  Eutte,  Mont 

Proposed  by  D.  C.  Bard,  Theodore  Simons,  C.  H.  Bowman. 

Bom,  1892,  Butte,  Mont 

Present  position  :  Student,  Mont  School  of  Mines. 


Amerioak  Inbtitutb  of  Mining  ENeiNBSRS.  xxiz 

Changes  of  Addbess  of  Members. 

The  following  changes  of  address  of  members  have  been  received  at  the 
Secretary's  office  during  the  month  of  November,  1913.  This  list,  together 
with  the  lists  published  in  Bulletin  Nos.  76  to  83,  April  to  November, 
1913,  and  the  foregoing  list  of  new  members,  therefore,  supplements  the 
annual  list  of  members  corrected  to  Mar.  1,  1913,  and  brings  it  up  to  the 
date  of  Dec.  1, 1913. 

Abbott,  James  W "St  Omer,"  123  N.  Grand  Ave.,  Los  Angeles,  Cal. 

Adams,  Arthub  K 700  Mundj  Ave.,  El  Paao,  Texas. 

Adams,  Walter  C 649  Boslvn  Ave.,  Westmont,  Que.,  Canada. 

Andebson,  Martin  L Liberty  Bell  Mine,  Telluride,  Colo. 

Aldebson,  Victor  C 616  Ideal  Bldg.,  Denver,  Colo. 

Allen,  Robert 8  Cliff  Road,  Leigh,  Essex,  England. 

Backus,  George  S 617  LieterSt.,  Leadville,  Colo. 

Banks,  Harry  P 5715  Julien  St.,  Highland  Park  Sta.,  Los  Angeles*  Cal. 

Batcheller,  James  H Mattapoisett,  Mass. 

Baumann,  Albert  P 939  Boulevard,  East  Weehauken,  N.  J. 

Berby,  John  F 215  Walmer  Road,  Port  Elizabeth,  Cape  Colony,  So.  Africa. 

BoLLES,  Myrick  N 41.3  Wall  St.,  Joplin,  Mo. 

Bbigqs,  W.  a.  J, Umukuri,  Motaeke,  Nelson,  New  Zealand. 

Brinsmade,  R.  B la  Pensada  Mexicana  3,  Puebla,  Pue.,  Mexico. 

Browne,  David  H International  Nickel  Co.,  48  Exchange  Place,  NewYork,  N.  Y. 

Rrownino,  William  C Magna  Copper  Co.,  Superior,  Ariz. 

Cohen,  Maxwell  B Miami,  Ariz. 

Cole,  David,  Engr.,  in  charge,  Concentration  Dept.,  Arizona  Copper  Co.,  Ltd., 

Morenci,  Ariz. 

Cremer,  Felix Empire  Steel  &  Iron  Co. ,  Wharton,  N.J. 

Darton,  N.  H. U.  S.  Geological  Survey,  Washington,  D.  C. 

Davis,  James  C,  4th  Vice-Prest,  American  Steel  Foundries,  1163  McCormick  Bldg., 

Chicago,  111. 

Deike,  George  H Bureau  of  Mines,  Pittsburg,  Pa. 

Draper,  Carl  H 112  Bloomfield  St.,  Dorchester,  Mass. 

Eldred,  Byron  E Springfield,  Maine. 

EssEusTYN  John  N Orogrande,  New  Mex. 

Evans,  Milton  R 236  Gardner  St.,  Plymouth,  Pa. 

Ferguson,  Donald P.  O.  Box  644,  Goldfield,  Nev. 

Fleming,  Edward  P Fundicion  de  Guayacan,  Coquimbo,  Chile,  So.  America. 

Franke,  Emil  a 3862  Monticello,  Irving  Park  Sta.,  Chicago,  111. 

GiBB,  Allan 16  St  Helens  Place,  London,  E.  C,  England. 

GuNTHER,  C.  Godfrey Stratford,  Conn. 

Harms,  Ernest 902  Upson  Ave.,  El  Paso,  Texas. 

HiBBS,  Joseph  G.,  Min.  Engr.,Geol.  and  Chem Wawa,  Pa. 

Hoar,  Frederic  W P.  O.  Box  1951,  Globe,  Ariz. 

Hoefer,  Prof.  Hans Hinteerstrasse  10,  1,  Vienna  III,  Austria. 

HoFECKER,  Charles  A AUis-Chalmers  Co. ,  5  Rue  Saulnier,  Paris,  France. 

Hubbard,  Harry  J Marfa,  Texas. 

HuLicK,  Charles  E Thomas  Iron  Co.,  Hokendauqua,  Pa. 

Imhoff,  Alexander P.  O.  Box  424,  Tonopah,  Nev. 

Jones,  C.  Colcock 605  I.  N.  Van  Nuys  Bldg.,  Los  Angeles,  Cal. 

Jones,  Zechariah Idaho  Continental  Mines,  Port  Hill,  Idaho. 

JoRQENSBN,  Frank  F Gillespie,  111. 

Julihn,  Carl  E.,  Supt Sierra  Nevada  Mining  Co.,  Virginia  City,  Nev. 

Ke[th,  Frank  A 1219  Hollingsworth  Bldg.,  Los  AnRcles,  Cal. 

Kemler,  W.  H P.  O.  Box  214,  Johnson  City,  Tenn. 

Kepner.  Ross  B 1701i  S.  Union  Ave.,  Los  Angeles,  Cal. 

Kirkcaldy,  Norman  M P.  O.  Box  210,  Sydney,  N.  S.  W.,  Australia. 

Klopstock,  Paul. 4  London  Wall  Bldg.,  London,  E  C,  England. 

Kluttz,  Warren  L Vice-Prest.,  Central  Iron  &  Coal  Co.,  Holt,  Ala, 

Ladd,  David  H.,  Min.  and  Met.  Engr 110  Front  St.,  Hancock,  Mich. 

Leach,  Robert  H 8  Brook  St.,  Wesley,  Mass. 

Linn,  William  J.,  Min.  Engr 2629  Michigan  Ave.,  Chicago,  111. 

Lunn,  Robert,  Jr AlgonaClub,  Copper  Cliff,  Ont.,  Canada. 
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McLuRE,  Charles  D.,  Prest-.-Grapite-Bi-MetallicCons.  Mining  Co. ,  Phil ipsburg,  Mont 

McMaotbr,  a.  T.  C 74  Victor  Ave.,  Toronto,  OnL,  Canada. 

McKee,  J.  A 221  8.  4th  8t,  Aurora,  III. 

Macomb,  J.  De  N.,  Jr.,  Atchison,  Topekaand  Santa  F^Ry.  System, 

1033  Railway  Exchange  Bldg.,  Chicago,  111. 

Manahan,  Robert  F 709  Mills  Bldg,,  El  Paao,  Texas. 

Marshall,  EmortM Yerington,  Ncv. 

Mentzbl,  Charles Virginia  Smelting  Co.,  West  Norfolk,  Va. 

Millard,  William  J Hartley  Hall,  Columbia  University,  New  York. 

Moore,  Redjck  R Mines  Management  Co.,  60  Broadway,  New  York,  N.  Y. 

MusQRAVE,  Robert 1166  Deal  St.,  Oak  Bay,  Victoria,  B.  C,  Canada. 

NiSHio,  Ketjiro Care  Frau  Wetzel,  Fischeretr.  49,  Freiberg  III,  Saxony,  Germany. 

Otterson,  George  W Mansan,  via  Hazelton,  B.  C,  Canada. 

Packard,  George  A.,  Min.  Engr.  and  Met 50  Congress  St.,  Boston,  Ma.S8. 

Painter,  Robert  K 131  W.  74th  Street,  New  York,  N.Y. 

Pescbel,  William  M 42  Allen  St.,  Bradford,  Mass. 

Ph(Enix,  Charles  £ Windsor  House,  Bellingham,  Wash. 

Portugal,  J.  H. ,  Supt Michigan-Utah  Mining  Co.,  Alta,  Utah. 

Rhodes,  William  B Care  £.  R  Rhodes,  Mendocino  City,  CaL 

Riter,  Levi  E.,  Jr , 306  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

RoDOERS,  Joseph  H P.  O.  Box  825,  SeaUle,  Wash. 

Rodgers,  Myrow  K P.  O.  Box  825,  SeaUle,  Wash. 

Rose,  George  £ 6758  Bennett  Ave.,  Chicago,  IlL 

Ross,  Edward  P.,  Supt Colonial  Iron  Ca,  Riddlesburg,  Pa. 

Rule,  J.  Arthur 1121  Lcs  Angeles  St,  £1  Pkso,  Texas. 

Sahborn,  James  F.,  Div.  Engr.,  Board  of  Water  Supply,  700  W.  ISlst  St, 

New  York,  K.  Y. 

Sanders,  W.  E Alkali  Mines  Co.,  Eureka,  XeT. 

Sayre,  Mortimer  F Center  St.,  East  Mauch  Chunk,  Pa. 

Schwarz,  T.  E. 67  Winthrop  Road,  Brookline,  Mssbl 

Shaw,  S.  F Edificio  La  Mutua  200,  Mexico  City,  Mexico. 

Shockley,  W.  H 959  Waverly  Street,  Palo  Alto,  Cal. 

Shook,  Jambs  W 3206  Cliff  Road,  Birmingham,  Ala. 

Slusher,  Dale Pentueton,  Ore. 

Smith,  Jambs  G Care  W^ymau  &  Gordon  Ca,  Worcester,  Uass. 

Squire?,  Howard  W 2722  W.  9th  St,  Los  Angeles,  Cal. 

Stayer,  William  H 1626  Wood  Ave.,  Colorado  Sprinss,  Colo. 

SuLLiGER,  Roy  A 1400  Hibernian  Bldg.,  Los  AngdeB,  Cal 

Thomas,  Marion  L.,  Min.  Engr Room  1418,  71  Broadway,  New  York,  N.  Y. 

Thomas,  David  R Care  W.  R.  Cox,  165  Broadway,  New  York,  N.  Y. 

Throckmorton,  H.  W Kohl  Building,  San  Francisco,  Cal 

Torbert,  James  B 426  James  Bldg.,  Chattanooga,  Tenn. 

Treat,  Lloyd  B Ingersoli-Rand  Co.,  109  R  Broadway,  Butte,  Mont 

Underwood,  Arthur  J , 959  B<«ton  Court,  Pasadena,  Cal 

Van  Arsdalb,  George  D  ,  Copper  Queen  Cons.  Mining  Co.,  99  John  St,  New  Y'ork,  N.Y. 

Van  Zwaluwenburo,  A la  Madrid  15,  Mexico  City,  Mexico. 

Wainewrioht,  Wilfrid  B Instructed  to  hold  all  mail 

Ward,  Harry  J 2731  Budlong  Ave.,  Lna  Ange'ea,  Cal. 

Wethey,  a.  H 37  Madison  Ave.,  New  York,  K  Y. 

Wiix;o±,  Ralph 115  LydiaSt,  Jackson,  Mich. 

Wolf,  Harry  J.,  Prof,  of  Mining,  Colo.  School  of  Mines,  P.  O.  Box  666,  Golden,  Colo. 
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Addresses  of  Members  and  Associates  Wanted. 

Name.  Last  Address  of  Reoord,  from  which  Mail  has  been  Returned. 

Bacorn,  Frederick  W., West  Austin,  Mich. 

Bentlej,  Thomas  H., filake-McFall  Bldfi[.,  Portland,  Ore. 

Butler,  Reginald  H.  B., 60  Fembrook  St.,  Yonkers,  N.  Y. 

Eagon,  Charles  E., 11  Broadway,  New  York,  N.  Y'. 

Edsall,  Burroughs, Benton,  Cal. 

Grill,  Charles  H., Keddie,  Cal. 

Grove,  Independence, Ampiro  Mining  Co.,  Etzatlan,  Jal.,  Mexico. 

Hyalopf  James  E., Apartado  48,  Parral,  Chih.,  Mexico. 

Johnson,  Alexander  T., Yellow  Pine  Mining  Co.,  Good  Springs,  Nev. 

Keller,  Cornelius  H., .  Apartado  134,  Parnd,  Chih.,  Mexico. 

Lancaster,  Henry  M., Cceurd'Alene,  Idaho. 

Lehmer,  Frank  W., CiaMinera  Zapoteca,  Ocotlan,Oax.,  Mexico. 

Potter.  Charles  F., First  National  Bldg.,  San  Francisco,  Cal. 

Schroder,  Harold, Eng.  &  Aust  Cop.  Co.,  Wasatah,  Tasmania. 

Sedgwich,  Allan  £., 2a  Calle  de  Bucaveli  35,  Mexico  City, Mexico. 

Watters,  Daniel  M.,    .    .    • 2557  11th  Ave.  W.,  Seattle,  Wash. 

Wheler,  Aubrey  S., Box  48,  Salisbury,  Rhodesia,  So.  Africa. 

Necrology. 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  of  November,  1913 : 

Date  of 
Kleetion.  Name.  Date  of  Decease. 

1906  •♦Adams,  John  C, '  .  October  17,  1913. 

1898      *£>welle,  Jesse  E., November  17,  1913. 

1884      *Earle,  Frank  C, .    . ,  1913. 

1887      *Fackenthal,  John  S. October  22,  1913. 

1890  *Melli8S,  David  E., ,  1913. 

1891  *Provis,  Richard, April  — ,  1913. 

1909      *Schader,  Herbert  G., August  27,  1913. 

1900  **Wilkin8on,  Arthur, ,   . 

*  Member.  **  Life  Member. 
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STANDING  COMMITTEES. 

Executive, 

CHARLES  F.  RA.ND,  Chairman, 

JOSEPH  W.  RICHARDS, 
BENJAMIN  B.  THAYER. 
Membership, 

BENJAMIN  B.  THAYER,  Chairman. 

KARL  EILERS.  JOHN  H.  JANEWAY,  Jk., 

JOHN  D.  IRVING, 

Finance, 


JAMES  F.  KEMP. 
ALBERT  R.  LEDOUX, 


HERMAN  A.  PR08SSR. 


KARL  EILERS, 


EDWARD  L.  YOUNG,  OuUrman. 

JAMBS  GAYLBY. 

Library, 

JAMBS  F.  KEMP,  Chairman.^ 

JOHN  HAYS  HAMMOND,*  E.  QYBBON  SPILSBUBY,« 

ALEX.  C.  HUMPHREYS,*  BRADLEY  STOUGHTON. 


BRADLEY  STOUGHTON,  Ch. 
PHILIP  ARGALL, 
LEONARD  S.  AUSTIN, 
JOHN  BIRKINBINE, 
WILLIAM  H.  BLAUVBLT, 
JOHN  C.  BRANNER, 
DAVID  W.  BRUNTON. 
GELA8I0  CAETANI, 
WILLIAM  CAMPBELL, 
ALBERT  E,  CARLTON. 
ALLAN  JAY  CLARK, 
NATHANIEL  H.  EMMONS 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON. 
JAMhS  GAYLEY. 


Papers  and  Publications* 

CHARLES  W.  GOODALE, 
C.  WILLARD  HAYES. 
HEINRICH  O.  HOFMAN, 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
WILLIAM  KELLY. 
JAMES  F.  KEMP. 
CHARLES  KIRCHHOFF, 
CHARLES  K.  LEITH, 
ANTHONY  F.  LUCAS, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD, 
HENRY  S.  MUNROE, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 


ROSSITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 
ROBERT  H.  RICHARDS, 
HEINRICH  RIBS, 
E.  F.  ROBBER, 
RENO  H.  SALtS. 
ALBERT  8AUVBUR. 
CHARLES  H.  SHAMEL. 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE. 
RALPH  H.  SWEBTSER, 
FEUX  A.  VOGEL, 
ARTHUR  L.  WAUCER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL. 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP. 

ADOLPHE  E.  BORIE.  Chatrman. 
THOMAS  T.  READ,  Secretary,  Wool  worth  Bldg.,  New  York.  N.  Y, 


JOHN  H.  ALLEN, 

RICHARD  M.  ATWATER,  Jr., 

GEORGE  D.  BARRON, 

A.  CHESTER  BEATTY, 

J.  PARKE  CHANNING, 


Vicc-Chairmen. 


GEORGE  M.  COLVOGORES8ES, 
ROBERT  PEELE. 
CHARLES  P.  PERIN. 
JOSEPH  A.  VAN  MATER, 
ARTHUR  L.  WALKER. 


D.  C.  BARD, 

W.  DE  L.  BENEDICT, 
JOHN  C.  BRANNER, 
PALMER  CARTER, 
ALLAN  JAY  CLARK, 
C.  R.  CORNING, 
F.  CRABTREE. 
GEORGE  G.  CRAWFORD, 
O.  C.  DAVIDSON, 

E.  V.  D'INVILLIERS. 
JAMES  S.  DOUGLAS, 
WALTER  DOUGLAS. 
HOWARD  N.  EAVENSON. 
HOWARD  ECKFELDT, 


R.  C.  GEMMELL, 
F.  LOUIS  GRAMMER. 
ERNEST  A.  HERSAM, 
EDWIN  C.  HOLDEN, 
WILLIAM  L.  HONNOLD, 
WALTER  E.  HOPPER, 
REGINALD  E.  HORE. 
TEDASHIRO  INOUYE, 
C.  COLCOCK  JONES, 
EUGENE  P.  KENNEDY, 
CHESTER  F.  LEE, 
RICHARD  S.  McK:aFFERY, 
JAMES  F.  MCCLELLAND, 
MILTON  H.  MCLEAN, 
PHILIP  N.  MOORE, 


T.  H.  O'BRIEN, 
JAMES  J.  ORMSBEB, 
EDWARD  W.  PARKER, 
JOHN  B.  PORTER, 
F.  DANVERS  POWER, 
R.  M.  RAYMOND, 
CHARLES  RHODES. 
ROBERT  H.  RICHARDS, 
LeROY  8ALBICH. 
HENRY  LLOYD  SMYTH, 
F.  W.  TRAPHAGEN. 
ELTON  W.  WALKER, 
CHO  YANG. 
MORRISON  B.  YUNG. 


» Until  Feb..  1914.    •  Until  Feb.,  1916.    » Until  Feb.,  1916.    *  Until  Febu,  1917. 
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COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED  STUDENT  SOCIETIES. 


W.  R.  CRANE, 
CHARLES  H.  FULTON, 
HARRY  H.  STOEK, 
FREDERICK  W.  SPERR, 


Vice-chairmen, 

GEORGE  J.  YOUNG,      ' 
WILLIAM  B.  PHILLIPS, 
WILLIAM  R.  APPLEBY, 
REGIS  CHAUVENET. 


LUTHER  H.  BAHNEY. 
DARSIB  C.  BARD. 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER, 
GUY  H.  COX, 
JOSEPH  DANIELS, 
NOAH  F.  DRAKE, 


FRANK  W.  DURKEE. 
HOWARD  ECKFELDT, 
MARK  EHLE,  Jk., 
D.  M.  FOLSOM, 
R.  R.  GOODRICH, 
CHARLES  E.  LOCKE, 
WILLIAM  B.  MARQUARD, 


WALTER  8.  MORLEY, 
CHARLES  J.  NORWOOD, 
GEORGE  S.  RAYMER. 
HEINRICH  RIE8, 
FRANCIS  A.  THOMSON, 
M.  E.  WADSWORTH, 
CLINTON  M.  YOUNG. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS. 

New  York. 

LOUIS  D.  HUNTOON,  Chairman. 
ARTHUR  S.  DWIGHT,  VIce-Chatrman. 
THOMAS  T.  READ,  aeeretarp,  Woolworth  Bldg.,  New  York,  N.  Y. 

E.  MALTBY  BHIPP.  Trtamrer. 
OEORGE  F.  KUNZ,  W.  Dl  L.  BENEDICT. 

ROBERT  H.  RICHARDS,  Chairman, 
ALBERT  SAUVEUR,  Vtee-Olairman, 
AUGUSTUS  H.  BITSTIS,  8eeretary-T^rea$iirert  181  State  St.,  Boston,  Mass. 
TIMOTHY  W.  SPRAGUB,  HENRY  A.  WENTWORTH. 

Chlumbia, 

F.  A.  THOMSON.  Chairman. 
GEORGE  W.  RODDEWIG,  Vice-Chalrman, 
LYNDON  K.  ARMSTRONG.  Secretarv-Tyeamirer,  P.  O.  Drawer  2154,  Spokane.  Waah. 

R.  S.  MoCAFFERY. 

Paget  Sound, 

JOSEPH  DANIELS,  Chatrman. 
J.  N.  POTT.  Vtce-ChiUrman, 
I.  F.  LAUCKS,  Seerdary-TYeatwrer,  96  Yesler  Way,  Seattle,  Wash. 
A.  F.  BLAIR,  CHESTER  F.  LEE. 

Southern  Oalifomi/i, 

THEODORE  B.  COMSTOCK,  Chairman, 

SBELEY  W.  MUDD,  VUx-Chairman, 
FREDERICK  J.  H.  MERRILL,  Secretarv-TeeatuTert  800  Germain  Bldg.,  Los  Angeles,  Cal. 
C.  COLCOCK  JONES,  FRANK  ROBBINS. 

Colorado, 

WILLIAM  J.  COX,  Chairman. 
CHARLES  J.  MOORE,  Viee-Okainnan, 
C.  LORIMER  COLBURN,  aecrttary-Treagurert  614  Ideal  Bldg.,  Denver,  Colo. 
THOMAS  B.  STEARNS,  RICHARD  A.  PARKER, 

Montana, 

E.  P.  MATHEWSON,  Oioirman, 
FRANK  M.  SMITH,  VtoerChairman. 
D.  C.  BARD,  Secretary,  Montana  State  School  of  Mines,  Batte,  Mont 
JAMES  L.  BRUCE,  OSCAR  ROHN. 

San  Franeieeo  Committee. 

S.  B.  CHRISTY,  Oiairman, 
H.  FOSTER  BAIN.  H.  C.  HOOVER, 

EDWARD  H.  BENJAMIN,  WILLIAM  C.  RALSTON, 

F.  W.  BRADLEY. 


FIRMIN  V.  DESLOGE, 
HARRY  A.  GUESS, 


St.  Louis  Committee. 
HERBERT  A.  WHEELER,  Oioirman. 

WALTER  E.  McCOURT. 


PHILIP  N.  MOORE, 
HARRY  H.  STOEK, 
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TECHNICAL  COMMITTEEa 

Iron  and  SteeL 

ALBERT  SAUVEUR,  Chairman. 
A.  A.  STEVENSON,  Vke-ChcBbman, 
HERBERT  M.  B0YL8T0N,  aBtrdary,  Abbot  Bldg.,  HarYard  6q.,  Cambridge, 


JOHN  BIRKINBINE, 
WILLIAM  H.  BLAUVELT, 
JAMES  QAYLEY, 
HENRY  D.  HIBBARD, 
HENRY  M.  HOWE, 
ROBERT  W.  HUNT, 
J.  E.  JOHNSON,  Jb., 
WILLIAM  KELLY, 
CHARLES  KIRCHHOFF, 
RICHARD  MOLDENKE, 


JOSEPH  W.  RICHARDS, 
C.  P.  W.  RYS, 
E.  QYBBON  SPIL9BURY 
J.  S.  UNGER, 
FEUX  A.  VOGEL, 
LEONARD  WALDO. 
WILLIAM  R.  WALKER, 
WILUAM  R.  WEBSTER. 
FREDERICK  W.  WOOD. 


iVeeioiM  and  Sage  MetaU. 


CHARLES  W.  GOODALE.  OtabrmaA. 
L.  D.  RICKETTB,  Viee-Ckakmum. 
DAR8IE  C.  BARD,  BeerHary*  Montana  State  School  of  Mines,  Butte,  Mont 


LEONARD  8.  AUSTIN. 
DAVID  W.  BRUNTON, 
THEODORE  B.  C0M8T0CK, 
STANLEY  A.  EASTON, 
SAMUEL  S.  FOWLER, 
THOMAS  J.  GRIER, 
HENNEN  JENNINGS, 


EDMUND  B.  KIRBY, 
CHARLES  W.  MERRIUa 
WILLET  G.  MILLER, 
ALBERT  F.  SCHNEIDER, 
GEORGE  C.  STONE, 
BENJAMIN  B.  THAYER. 


Mining  Otology. 


JAMES  P.  KEMP,  ObolniKiii. 
JOHN  W.  PINCH,  Flce-Cfto^nKM.  R.  A.  F.  PENROSE,  Jft.,  Fles-CMnMi. 

L.  C.  GRATON,  Seerdary,  Hanrard  Geological  Museam,  Cambridge,  Maa. 


RALPH  ARNOLD, 
H.  FOSTER  BAIN. 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLER, 
WILLIAM  H.  EMMONS, 
HENRY  LANDE8, 
ALFRED  C.  LANE. 
CHARLES  K.  LEITH, 
R.  V.  N0RRI8, 


EZEQUIEL  ORDONEZ, 
WILLIAM  B.  PHILLIPS, 
JOSEPH  H.  PRATT, 
HBINRICH  RIES, 
RENO  H.  SALES, 
WILLIAM  G.  SHARP, 
CHARLES  H.  SMYTH,  JB., 
HENRY  L.  SMYTH, 


JOSIAH  E.  SPURR. 
Mining  Methods* 
DAVID  W.  BRUNTON,  Chokman, 
H.  C.  HOOVER,  VUx-Chafrman.  F.  W.  DENTON,  FSee-CAolrmaa. 

J.  F.  MCCLELLAND,  Aereeoiy.  Drawer  C,  Yale  Station,  New  Haven.  Conn. 


TRUMAN  H.  ALDRICH, 
R.  B.  BRINSMADE. 
DOUGLAS  BUNTING, 
LOUIS  8.  CATES, 
CHARLES  CATLETT, 
R.  M.  CATLIN, 
J.  PARKE  CHANNIN6, 
CHARLES  A.  CHASE. 
S.  B.  CHRISTY, 
F.  W.  DENTON, 
E.  V.  D'INVILLIERS, 
STANLEY  A.  EASTON. 


J.  R.  FINLAY. 
R.  C.  GEMMELL, 
JOHN  GILLIE. 
HARRY  A.  GUESS. 
THOMAS  J.  GRIER. 
JOSEPH  A.  HOLMES, 
WILLIAM  L.  HONNOLD, 
JAMES  E.  JOPLING. 
ROBERT  A.  KINZIE. 
C.  B.  LAKENAN. 
THOMAS  H.  LEGGETT, 
JAMES  MAC  NAUGHTON, 
SEELEY  W.  MUDD, 


H.  S.  MUNROE. 
W.  J.  OLOOTT, 
JOHN  B.  PORTER, 
MILNOR  ROBERTS, 
OSCAR  ROHN, 
W.  L.  SAUNDERS, 
H.  li.  SMYTH. 
ARTHUR  THACHXE, 
B.  W.  VALLAT, 
SAMUEL  D.  WARRINKE, 
GEORGE  WEIR, 
BULKLEY  WELLS. 


FRANCIS  O.  BLACKWELL. 
CHARLES  W.  GOODALE. 


Tht  Use  of  Electricity  in  Mines, 

WILLIAM  KELLY,  Chairman, 

JOHN  LANGTON,  FREDERICK  W.  O'NEIL, 

THOMAS  H.  LEGGETT,  DAVID  B.  RU8HM0BB. 
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Mining  Law, 

HORACE  V.  WINCHELL,  Chairman, 

CORNELIUS  F.  KELLEY,  Vice-Chalrfnan.  CURTIS  H.  LINDLEY,  Vice-auOman, 

JOHN  W.  FINCH»  SeeretarVf  708  Symes  Bldg.,  Denyer,  Colo. 

ALBERT  BURCH,  MARK  L.  REQUA. 

WILL  L.  CLARK,  GEORGE  W.  RITER, 

C.  LORIMER  OOLBURN,  WILLIAM  8CALL0N, 

CHARLES  W.  GOODALE,  C.  H.  SHAMEL, 

FREDERICK  T.  GREENE,  FRANK  L.  SIZER, 

JOSEPH  A.  HOLMES,  JOEL  F.  VAILE, 

EDWIN  O.  HOLTER,  WALTER  H.  WILEY. 
R.  W.  RAYMOND, 

Petroleum  and  Oas, 

ANTHONY  F.  LUCAS.  ChairmaiK 
WILLIAM  N.  BEST,  Viee-Ckahtnan.  DAVID  T.  DAY,  Vice-Chairman. 

MARK  L.  REQUA,  Vke-Chairman. 
LEONARD  WALDO,  SecreUxry,  49  Wall  St.,  New  York,  N.  Y. 

RALPH  ARNOLD,  WILLIAM  B.  PHILLIPS, 

FREDERICK  G.  CLAPP,  WALTER  O.  SHELLING, 

EDWIN  T.  DUMBLE,  WILLIAM  L.  WATTS, 

RICHARD  S.  HASELTINE,  H.  A.  WHEELER, 

C.  WILLARD  HAYES,  I.  C.  WHITE, 

PHILIP  W.  HENRY,  WILLIAM  A.  WILUAMS. 

JOHN  LANGTON, 

Non'MetalUc  Minerals. 

H.  RIES,  Chairman. 

G.  F.  KUNZ,  Vice-chairman.  E.  W.  PARKER.  Vice-Chairman. ; 

H.  J.  SEAMAN,  Viee-Chairman. 

C.  P.  BERKEY,  SecreUuv,  Columbia  Unlveralty,  New  York,  N.  Y. 

8.  W.  BEYER,  C.  C.  JONES,  W.  8.  PHALEN, 

F.  CIRKEL.  J.  K.  MacLANAHAN,  W.  B.  PHILUPS, 

R.  D.  GEORGE,  G.  C.  MEMMINGER,  J.  H.  PRATT, 

P.  L.  HESS,  B.  L.  MILLER.  KENNETH  SEAVER, 

F.  R.  HEWITT,  W.  G.  MILLER,  T.  U  WATSON, 

F.  C.  HOOPER.  J.  D.  PENNOCK, 

INSTITUTE  EEPRE8ENTATIVE8. 

United  Engineering  Sodely  Trutieee, 
THEODORE  DWIGHT,>  JAMBS  F.  KEMP,«  JOSEPH  STRUTHEES,* 

Library  Boards  United  Engineering  Sodeiy. 

JOHN  HAYS  HAMMOND,*  JAMES  F.  KEMP.»  E.  GYBBON  SPILSBURY,* 

ALEX.  C.  HUMPHREYS,*  BRADLEY  STOUGHTON. 

John  FritM  Medal  Board  of  Atoard, 

R.  V.  NORRIS,!  JAMES  F.  KEMP,* 

CHARLES  KIRCHHOFF,*  ALBERT  SAUV£(TR,« 

Oenerai  Oor^erenu  Oommitlee  of  Engineering  Societiea, 
BENJAMIN  B.  LAWRENCE,  J.  PARKE  CHANNING. 

CommiUee  of  Management^  Intemaiional  Engineering  OongreeSy  I9I5. 

EDWARD  H.  BENJAMIN,  NEWTON  CLEAVELAND,  CHARLES  F.  RAND, 

H.  POSTER  BAIN,  WILLIAM  S.  N0YE8,  BRADLEY  STOUGHTON. 

American  Association  for  the  Advancement  of  Seienee. 
HEINRICH  O.  HOFMAN,  JOHN  D.  IRVING. 

Advisory  Board  of  the  NcUioruU  Conservation  Congress. 

HENRY  S.  DRINKER. 


»  Until  Feb.,  1914.    •  Until  Feb.,  1916.    »  Until  Feb.,  1916.    *  Until  Feb.,  1917. 
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OFFICERS  AND  DIRECTORS. 
For  the  year  ending  Pebmary,  19x4. 


CHABLES  F.  RAND/ NewYobz,N.Y. 

Past  Pbbbipents. 

OHABLES  KIECHHOPP,* New  York,  N.  Y. 

JAMBB P.  KEMP,« NewYobk,N.Y. 

F1B8T  Vics-Pbbsidbnt. 
BENJAMIN  B.  THAYER,^ New  York,  N.Y. 

Tbkabubeb. 
GEORGE  C.  STONE,* New  York,  N.  Y. 

SSCBBTABT  ElOESITUS. 

B08SITEB  W.  BAYMOND, New  York,  N.  Y. 

Sbobetabt. 
BBADLEY  8T0UGHT0N, New  York,  N.Y. 

Vios-Pbebidents. 

KABL  EILERS,» District  0 New  York,  N.  Y. 

.  District  I BoeiOK,  Maa 

.  District  0 New  York,  N.  Y. 

.  District  0.  ^ New  York,  N.  Y. 

.DistrictO NewYork,N.Y. 

.  District  4 Paikebdaij^  Mice. 


WALDEMAR  LINDGREN, 
BENJAMIN  B  THAYER,' 
SIDNEY  J.  JENNINGS,*  . 
THOMAS  H.  LEGGETT,*  . 
PBED  W.  DENTON,'  .  .   . 
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D1BBCTOB8. 

JAMES  DOUGLAS,* .DistrictO NewYork,N.Y. 

JAMES  GAYLEY,* DistrictO NewYork,N.Y. 

ALBERT  R.  LEDOUX,* DistrictO NewYork,N.Y. 

CHARLES  W.  MERRILL,* District  6 San  Fbavcisgo,  Gal. 

0.  SNELLING  ROBINSON,* District  8 YomroflTOWH,  Ohio. 

EDMUND  B  KIRBY,' District  3 Sr.  Loud,  Mo. 

JOSEPH  A.  HOLMES,' District  9 Waahifotok,  D.  C 

ROBERT  W.  HUNT,' District  8 Chicago,  III. 

GEORGE  C.  STONE,' . District  0 New  York,  N.  Y. 

EDWARD  L.  YOUNG District  0 New  York,  K  Y 

JOHN  W.  FINCH,' District  7 Dbnysr,  Com 

JOHN  H.  JANEWAY,  Jb.,' DistrictO New  York, N.Y 

EDWARD  P.  MATHEWSON,"   ....  District  6 .  Ahacx)Hda,  Most. 

JOSEPH  W.  RICHARDS,* District  2 South  Bethlehem,  Fa. 

L.  D.  BICEETTS,' District  10 Cananea,  809.,  Mxuoo. 


*  Until  Feb.,  1914.    '  Until  Feb.,  1915.    »  Until  Feb.,  1916. 


TRANSACTIONS  OP  TEf£  A&iERICAN  INSTITUTE  OF  MINING  ENGINEERS. 

[subject  to  revision.] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  In  person  at  the 
New  York  meeting,  February,  1914,  when  an  abstract  of  the  paper  will  he  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  fbr  presentation  by  the  Secretary  or  other  representative  of  its 
aathor.  Unless  special  arranffemeni  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1914.  Any 
dijicusslon  ofFerea  thereafter  should  preferably  be  in  the  fbrm  of  a  new  paper. 


Mining  and  Mining  Methods  in  the  Southeast  Missouri 

Disseminated- Lead  District. 

BY  H.    A.   G0SS9,    FLAT  RIVER,    MO. 
(New  York  Meeting,  February,  1914.) 

Introduction.    History  and  Production  Statements. 

Southeast  Missouri  is  the  oldest  of  the  large  producing  districts  of 
the  United  States.  The  first  recorded  production  from  disseminated 
ores  was  in  1869,  although  for  many  years  prior  to  that  time  lead  had 
been  mined  from  shallow  pockets,  and  steady  growth  in  production 
has  been  shown  ever  since,  the  greatest  increases  being  during  the 
past  five  years. 

The  production  by  years  for  each  of  the  operating  companies  from 
1869  to  1907,  inclusive,  is  given  in  Table  I.  In  Table  II.  is  given  the 
production  by  years  from  1908  to  1912,  inclusive,  for  the  district  as  a 
whole,  showing  the  tonnage  of  crude  ore  mined,  yield  in  concentrates, 
average  assay  of  concentrates;  yield  in  metallic  lead  both  per  ton  of 
crude  ore  and  in  total;  also  approximate  value  of  the  yearly  pro- 
duction. 

It  is  interesting  to  note  that  the  production  for  the  5-yr.  period 
1908  to  1912,  inclusive,  is  practically  equal  to  the  total  previous  pro- 
duction, viz.,  the  39-yr.  period  1869  to  1907,  the  summary  being  as 

follows : 


Period. 


Lead  Production. 


Tons  Concentrates. 


1869-1907,  inclusive 1,202,606 

1908-1912,  inclusive !        1,«j42,563 


Gross  Value. 


$59,869,354 
58,914,260 
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"  Table  I. — Production  of  the  Lead  Mines  of  the  Bonne  Tent. 
Compiled  from  Tsrioua  sourcef. 
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1  Mitiovri  Burtau  of  Otology  and  Mintt,  vol,  ix,  part  I. 

Since  1905  and  up  until  the  close  of  1912,  the  total  production  of 
the  district  has  been  made  by  five  companies  as  follows : 


Approilmau. 
Mkine  of  Companr.  UllI  Capadtr  Id 

:  Tolup«r24Hoan. 

Federal  Lead  Ca |  4,500 

St.  Joeepli  Lead  Co.'' ■  3,200 

Doe  Bun  Lead  Co.» '3,000 

St.  LouU  Smelting  A  Refiniofc  Co !  2,600 

Desloge  Cotuolidated  Lead  Co !  1,800 

l>  At  the  close  ot  1913  these  tiro  companies  were  consolidated  as  oim 
Joseph  Lead  Co. 

''By  October,  1913,  the  Doe  Run  Lead  Co.'a  mill  wiU  be  ii 
24  hr. 


.ci^«e  of  L 


U.OOO 
19,000 
7,004 
1,300 
4,400 


company — the  Rt. 
to  4,000  too*  per 
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Flat  River  J  and  Ltadwood  Areas^  from  1869  to  1907  ^  inclusive. 

Compiled  from  various  sources. 
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98,068,390 

Table  II. — Production  Statement  for  5-  Yr,  Period  1908  to  1912^  Inclusive. 


Year. 


1908 
1909 
1910 
1911 
1912 


Crude  Ore 

Milled. 

Tons. 


Concentrates    a>  §  ^  S 

Produced.    I    Jo  go 

Tons.       I   |o|g 


<r 


2,747,387 
3,389,742 
3,693,523 
3,974,712 
4,064,366 


183,095 
210,620 
210,890 
219,145 
218,803 


I 


63.65 
60.91 
62.35 
67.42 
67.14 


116.531 
128,299 
131,499 
147,754 
146,913 


Totals....  17,869,730      1,042,553  i 670,996 


$9,788,604 
11,033,714 
11,571,912 
13,297,860 
13,222,170 


58,914,260 


4.24 

37 

3.78 

36 

3.56 

35 

3.72 

36 

3.61 

35 

a  Compiled  from  U.  S.  Geological  Survej  reports. 
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Beginning  with  1913^  production  has  been  started  in  a  small  wi 
by  a  new  company  in  the  district,  the  St.  Francois  Lead  Co.,  whiq 
in  1910  purchased  a  well  situated  tract  of  357  acres.     This  ore  ft 
the  present  is  being  shipped  to  the  mill  of  the  St.  Louis  Smelting 
Refining  Co. 

Physiography  and  Geology. 

"As  a  whole  the  district  is  rough  and  hilly,  although  the  on 
areas  that  might  be  called  mountainous  are  in  the  Southeastern  ai 
Southwestern  parts  in  all  which  occur  the  Northern  spurs  of  tl 
granite  and  rhyolite  hills  and  ridges  which  have  been  called  the  S 
Francois  Mountains.  The  remaining  portion  of  the  area  consists 
hills  and  valleys  with  narrow  table  land  areas  and  alluvial  plains. 

"  The  lowest  elevation  in  the  district  is  610  feet,  along  Big  Riv 
and  the  highest  1530  feet  at  the  summit  of  Middle  Mountain." 

The  accompanying  map,  Fig.  1,  which  represents  a  portion  of 
U.  S.  Geological  Survey  sheets.  Bonne  Terre  and  Farmington  qu 
rangles,  in  20-ft.  contours,  shows  clearly  the  surface  features  of  tS 
district,  and  on  this  map  is  drawn  a  circle  of  5-niile  radius  withi 
which  all  the  disseminated-lead  production  of  the  district  has  bed 
made,  other  than  a  few  hundred  tons  from  Irondale.  Plate  I.  is  I 
map  of  the  same  territory,  showing  the  underground  workings.        i 

The  Cambrian  formation,  within  the  confines  of   the  producinj 
disseminated-lead  district,  is  made  up  of  six  members,  as  follows : 


Name.  Thickness,  Etc.  Character. 


Potofli Occurs  over  only  a  small  portioD.  Massive  beds  of    dolomite 

Normal  thickness  about  300  ft.     quently  with  chertjnodaies; 

alternating  with  beids  of  cfaei 

Doe  Run Normal  thick  ness  about  60  ft       i  Shaly  dolomite . 

Derby ,  Normal  thickness  about  40  ft        Maasive  dolomite. 

Davis Normal  thickness  about  1 70  ft       Shale  and  limestone  conglomei 

Bonneterre Normal  thickness  about  343  ft.     '  Dolomite  chloritic  and  shalj  i 

bottom. 


LaMotte.. 


Normal  thickness  about  200  ft.     -  White  sandstone. 


In  general  the  disseminated-ore  horizon  occurs  in  the  lower  part 
the  Bonneterre  formation,  the  main  bed  being  usually  within  \y 
than  50  ft.  of  the  underljing  sandstone,  with  occasional  upper  lay( 
of  ore  ranging  as  far  as  300  ft.  above  the  sandstone.  The  sandetoi 
itself  near  the  top  sometimes  contains  disseminated  galena  in  si 
cient  amount  to  permit  mining  with  the  limestone,,  but  this  ore  fr( 
the  sandstone  is  relatively  unimportant,  amounting  as  it  does  to  1< 
than  1  per  cent,  of  the  total. 

*  Jfi^ouri  Bureau  of  Geology  and  Mines,  vol.  ix. ,  Part  1. 
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The  accompanying  sections,  Fig.  2,  represent  typical  occurrences 

of  the  disseminated  ore  in  the  district  where  two  or  more  levels  are 

present. 

Prospecting. 

As  no  outcrops  of  disseminated  ore  occur  in  the  district,  prospect- 
ing, both  in  the  search  for  new  orebodies  and  for  the  extension  of 
known  ore,  is  done  entirely  by  drilling,  and  the  formation,  other 
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HORIIONTAL  A  VKWnOM. 

Mitaouri  Bureau  qf  Otology  and  Minet,  Vol.  ix.,  Ser.  2,  Plate  LIII. 

Fio.  2. — CBOfls-SEcnoNS  Showing  Position  of  Orebodos  Worked  in  Fedbbal 
Mine  No.  1,  with  Respect  to  the  Surface  and  the  Ukdsrltinq  La  Motte 
Sandstone. 

than  for  a  little  Potosi  here  and  there,  is  free  of  flint,  so  that  diamond 
drilling  is  used  exclusively  after  reaching  solid  rock,  churn  drills 
being  used  only  for  setting  the  sleeve  pipe  where  the  overlying  soil 
or  gravel  is  fairly  deep.  The  district  has  received  great  assistance 
from  the  Missouri  State  Bureau  of  Geology  and  Mines,  by  its  de- 
tailed study  of   the  ore  deposits  and  mapping  of   the  area  within 
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which  ore  may  be  expected  to  occur,  but  while  this  is  very  valuable 
in  a  broad  way,  the  fact  remains  that  in  extending  the  limits  of  known 
orebodies  the  only  way  to  do  is  to  feel  along  with  the  diamond  drill 
until  the  full  limits  of  the  body  are  defined.  For  this  work  close 
spacing  of  holes  is  used,  usually  200  ft,  sometimes  as  close  as  100  ft. 

For  general  prospecting  in  the  search  for  new  orebodies  th^  holes 
are  usually  spaced  400  or  600  ft.  or  even  further,  either  in  checker- 
board fashion  or  in  lines  transverse  with  the  supposed  strike  of  the 
ore  ruD-  Then  when  ore  is  cut,  detailed  drilling  is  begun  with  spac- 
ing of  200  ft.  or  less.  All  companies  do  not  follow  the  same  practice 
in  this  regard,  however. 

In  drilling,  the  usual  practice  is  to  run  with  solid  bit  until  within 
50  ft.  or  so  of  the  expected  ore  horizon  and  then  core  until  the  hole 
bottoms  in  La  Motte  sandstone  or — in  certain  portions  of  the  district 
— in  porphyry  or  granite.  A  typical  log  of  a  diamond-drill  hole 
where  some  Davis  shale  overlies  the  Bonneterre  lime,  as  taken  from 
Federal  Lead  Co.'s  record,  is  shown  in  the  accompanying  table. 


Location 


Tract  No.  7. 
N.e78^. 
£.  1419.26. 


Core     '       ..    Thick 
Saved.    ^P^-   ness. 
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irt  oin.: 
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68 
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Typical  Log  of  DiamondrDrill  Hole. 

Number  256U 

Date  5/19-6/31.  1913. 

Description  by 


Sleeye  839.81. 

Bonne  Terre  Dolomite  776.81. 

La  Motte  Sandstone  889.81. 


Description. 


Sleeve 

Shale 

Light  lime. 
Gray  llme~. 


Eleva- 
tion 
A.  T. 


Thick- 
ness of 
Ore. 


776.81' 


Beg^  Coring.  ! 

Dark  gray  lime,  traces  lead 

Dark  gray  lime,  lead  at  354-356-358-' 

861-W4. 

Oray  lime,  traces  lead 

Gray  lime,  traces  lead 

Siliceous  shale:  gray  lime;  traces  lead 

sulphur 

Siliceous  shaly  gray  lime 

Gray  shaly  lime 

Gray  shaly  lime 

Siliceous  chloritic  gray  lime 

Siliceous  shaly  gray  lime ;  traces  lead. 

Gray  shaly  lime 

Chloritic  gray  shaly  lime;  traces  lead. 

Gray  shaly  llir-e 

Siliceous  sandy  gray  lime 

Siliceous  sandy  gray  lime;  traces  lead. 
Siliceous  sandy  graylime;  traces  lead. 
Siliceous  shaly  graylime  ;  traces  lead. 
Gray  sandy  lime ;  traces  lead  at  449.... 
Clear  white  sand 


Estimated    l-^fcep*- 

Lead  Percent.  e«,P®' 
Cent 


488.81      1.0 


■| 


traces 


464.81!    10.0 


462.81 

4i>5.81 

452.311 

441.81 

439.81 

429.81 

425.81 


418.81       1.5 


2.0 

7.0 

8.5 
10.5 

2.0 
10.0 

4.0 


2.0) 
8.0  V 
7,0j 
1.0 
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traces 
traces 

traces 

3.8 


traces 
traces 


Bottomed  at  460.0. 
Water  returned. 
Pay 


407.811 

404.811 

897.8 

393.81 

889. 8l| 
379.81 


9.0 
3.0 
7.0 
4.0 


traces 
traces 
tracer 
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The  mineral  run  of  the  drill  core  is  not  as  a  rale  assayed,  except 
from  time  to  time  as  a  check  on  the  estimations,  but  instead  of  thig 
the  mineral  run  is  filed  in  a  core  tray,  suitably  labeled,  its  metallic 
lead  contents  carefully  estimated,  and  the  tray  filed  in  the  corehouse 
for  future  reference.  Where  a  dozen  or  more  drills  are  being  oper- 
ated by  a  company,  a  trained  estimator  is  kept  steadily  engaged  upon 
this  work. 

The  costs  per  foot  for  diamond  drilling  in  the  district  depend  upon 
the  distance  for  haulage  of  fuel,  facilities  for  water,  the  contour  of 
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Fig.  3. — Map  of  Orebodt  Plotted  from  Diamond-Drill  Holes. 

the  ground,  the  rock  formation,  the  depth  of  hole,  the  proportion  of 
solid-bit  to  core-bit  work,  and  the  amount  of  time  and  care  spent 
upon  the  collecting,  estimating  and  storing  of  the  cores,  and  it  varies 
accordingly  from  60  c.  to  %\  per  foot  with  an  average  of  say  75  c, 
made  up  about  as  follows  : 

Labor $0.25 

Carbons 0.25 

Fuel,  etc.,  and  haulage 0.10 

Repairs  and  renewal? 0.15 

10.75 
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In  point  of  footage  per  10-hr.  shift  solid-bit  work  will  average  say 
60  ft.  and  core  bit  80  ft.  Approximately  25  per  cent,  of  the  total 
footage  is  cored.  Careful  attention  is,  in  general,  given  by  the  com- 
panies to  plotting  upon  their  maps  the  drill  holes  and  their  records  of 
ore,  and  calculating  therefrom  the  probable  orebody  in  terms  of  ton- 
nage, thickness  and  grade.  Experience  has  shown  that  in  general 
the  estimates  thus  made  are  fully  borne  out  when  it  comes  to  actual 
working  underground,  so  that  ore  reserves  thus  calculated  can  be 
safely  relied  upon. 

The  subjoined  portion  of  a  50-ft.  scale  map,  Fig.  3,  shows  a  typical 
area  in  which  drilling  has  yielded  a  number  of  pay  holes  and  the  ore- 
body  shown  has  been  plotted  as  a  result. 

This  will  serve  to  illustrate  the  method  of  calculating  tonnage, 
thickness  and  grade,  as  used  by  one  of  the  larger  companies  of  the 
district — ^the  Federal  Lead  Co. — as  follows : 

Portion  A,  area  :  250  by  150  ft.  =  37,500 
Portion  B,  az«a  :  352  by   66  ft.  =»  23,232 

ToUl  area. 60,732 

In  calculating  thickness  and  grade  of  the  orebody,  each  hole  is 
first  considered  separately  and  then  all  are  combined  to  obtain  an 
average,  thus : 

Hole.  Elevation.  ThicknesB.  Pb.  Ft-PerCent. 

Ft.  Per  Cent. 

2,304  407.0  1.5  20.0  30.0 
400.5                   6.5                      2.0  13.0 

Totals  and  ayeragea 8.0  5.4  43.0 

1,124     *  404.4  9.5  5.0  47.5 
402.4                  2.0                      2.0  4.0 

Total  and  averages 11.5  4.5  51.5 

2,148  403.2  5.0  4.5  22.5 

Total  and  average 5. 0  4. 5  22. 5 

To  find  the  average  thickness  and  grade  of  the  entire  orebody,  all 
holes  within  the  limits  of  the  body  are  considered.  In  this  particular 
case  the  body  was  cornered  at  2148  as  the  ore  in  this  hole  is  scarcely 
a  pay  run. 

Average  Average 

Hole  Elevation.  Thickness.       Per  Cent.  Pb.  F^Pe^  Cent. 

Ft. 

2,804  400.5-408.5  8.0  5.4  43.2 

1,124  402.4-413.9  11.5  4.5  51.8 

2,148  403.2-408.2  5.0  4.5  22.5 

Totals  and  ayerages 24.5  4.8  117.5 

Average  thickness  and  grade 8.2  4.8 
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Calculations  for  tonnage  are  given  below,  using  11  cu.  ft  per  ton 
and  figuring  only  50  per  cent,  of  the  volume  as  ore,  the  rest  being 
considered  poor  ground  and  pillars. 

Volume  of  Ore. 

Grade  of     Are&  of   Volume  of      Cu  Ft.  »  50  Per  Tons  Ore. 

Thickness.        Ore          Body.          Body.          Cent,  of  Vol.  of  11  Cu.  Ft.       Tons       Elevation  of 

Ft.         Percent.      Sq.  Ft.         Cu.  Ft.                Body.  to  Ton.          Pb.             Body. 

8.2  4.8  e0,782  498»002  249,001  22,687  1,067         400.!MU.9 

Mining. 

Location  of  Shafts  and  Hoisting. 

Shafts  are  preferably  located  centrally  to  the  tributary  orebodies, 
and  should  be  at  a  point  where  the  sandstone — ^which  is  the  limitiug 
lower  horizon  of  the  ore — ^is  lowest,  so  that  a  skip  pocket  may  be  cut 
— ^if  skips  are  used — and  a  pumping  samp  arranged  at  a  level  low 
enough  to  bring  both  ore  and  water  to  it  on  a  down  grade. 

In  earlier  days  the  hoisting  was  by  cages  and  cars,  but  the  use  of 
skips  is  becoming  more  general,  the  usual  practice  for  this  bemg 
double  skips  of  5  tons  capacity  with  loading  pocket  of  100  tons  or 
more  and  loading  gates  operated  with  compressed  air.  Pockets  are 
usually  lined  with  steel  rails. 

Of  the  21  shafts  now  operating  in  the  district,  17  use  cages  and 
cars,  and  four  use  skips;  12  use  electric  hoisting  and  the  rest  steam. 
Average  rope  speeds  during  hoisting  are  in  the  former  case  800  to 
1,000  ft.  per  minute  for  cages  and  500  to  550  ft.  per  minute  for  skips, 
while  with  steam  they  are  960  to  1,200  ft.  for  cages  and  500  to  800  ft 
for  skips. 

Ore  Breaking. 

Stopes  are  carried  for  the  full  height  of  the  orebody  and  the  broken 
ore  shoveled  from  the  flat  bottom  into  cars.  Where  the  ore  is  not 
thicker  than  8  ft.  the  stope  is  carried  by  breast  holes  from  drills 
mounted  on  columns.  If  top  and  bottom  of  the  stope  both  present 
good  bedding  planes  to  break  to,  the  stope  can  be  carried  with  two 
holes  up  to  a  7  ft.  height,  otherwise  three  holes  will  be  required. 
Where  three  holes  are  used  the  top  and  bottom  holes  are  in  the  same 
vertical  plane  and  the  middle  hole  is  set  forward  6  in.  nearer  the  face 
to  be  broken.  The  top  hole  looks  up  a  little,  the  middle  hole  looks 
down  just  enough  to  hold  water,  and  the  bottom  hole  also  looks  down 
a  little. 

All  the  holes  are  carried  approximately  parallel  with  the  face.  In 
starting  off  such  a  stope,  say  as  in  turning  around  a  pillar,  three 
short — 4  to  6  ft.  length — holes  are  drilled  as  a  cut  to  start  the  stope. 
The  average  length  of  regular  breast  hole  is  7  to  7.5  ft.    For  stopes 
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too  high  to  break  from  a  colamn,  the  upper  part  is  carried  forward 
by  breast  boles  precisely  as  in  regular  columa-high  ground,  and  the 
lower  portion  or  stope  is  broken  by  vertical  holes,  the  bottom  being 
trimmed  by  lifters.  Where  the  portion  below  the  breast  is  only  say 
10  ft.  thick  it  will  be  broken  by  one  series  of  vertical  holes  of  7  to 
7.5  ft  depth  and  the  remaining  3-ft.  layer  taken  up  cleanly  by  flat 
holes  or  lifters.  These  flat  holes  ordinarily  look  down  only  sufficient 
to  hold  water  and  are  drilled  usually  to  10  ft.  length. 

This  same  procedure  is  followed  up  to  a  maximum  thickness  of 
say  14  ft.  for  this  portion  below  the  breast,  unless  the  floor  is  good 
to  break  to,  in  which  case  very  few  lifters  are  used  and  the  14  ft.  is 
broken  in  two  successive  layers,  by  vertical  holes.  This  same  method 
of  carrying  forward  the  breast  and  then  breaking  the  lower  or  stope 
portion  by  breaking  in  layers  with  vertical  holes  is  used  up  to  the 
extreme  heights  of  stopes,  which  sometimes  ran  to  70  ft. 

In  regard  to  spacing  for  holes  and  the  burden  to  be  carried,  where 
column-high  ground  is  being  carried  by  two  breast  holes,  the  burden 
is  usually  3  ft. ;  where  three  holes  are  used  the  two  back  holes  carry 
4  ft.  of  burden  and  the  middle  8.5  ft.  For  stope  holes  except  close 
to  pillars  the  spacing  is  approximately  8-ft.  centers  and  the  burden  5  ft. 

In  loading  these  holes,  for  breast  work,  the  two  rear  holes  usually 
take  12  0.5-lb.  sticks  of  86  or  40  per  cent.,  IJ-in.  powder,  either  nitro- 
glycerine or  gelatine.  The  middle  hole  is  loaded  with  about  14 
sticks  or  7  lb.  and  is  fired  first.  In  stope  holes,  where,  as  is  often 
the  case,  three  holes  are  drilled  in  a  row  between  pillars,  the  two  end 
holes  are  each  charged  with  about  12  sticks  of  powder  and  the  middle 
with  18,  and  the  middle  hole  fired  first.  The  charge  for  the  lifters 
varies  but  in  general  is  much  lighter  per  foot,  as  the  burden  is  less 
both  in  point  of  measurement  and  because  of  its  shattered  condition. 

In  driving  the  breast,  care  is  exercised  in  pointing  the  upper  holes, 
to  avoid  breaking  into  and  burning  the  roof  or  back.  Loose  or 
drummy  portions  of  the  back  are  taken  down  by  fiat  gads  or  moils, 
using  black  powder  whenever  it  is  necessary  to  shoot  any  of  these 
portions. 

In  point  of  danger  from  roof  falls,  the  experience  is  that  tight  lime- 
stone is  the  safest  and  most  dependable  roof,  while  shaly  backs  are 
the  most  dangerous,  frequently  coming  down  without  warning,  espe- 
cially if  they  show  water  seepage.  Such  roofs  require  pillars  at  fre- 
quent spacing.  Also  it  is  often  necessary  to  take  down  the  roof  in  a 
manner  so  as  to  arch  it  between  pillars.  For  average  ground,  how- 
ever, pillars  are  spaced  about  80  ft.  between  circumferences  and  are 
of  18  ft.  average  diameter,  representing  approximately  15  per  cent, 
by  volume  of  the  total  ground  mined. 
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In  turning  pillars  the  holes  are  placed  so  as  to  shoot  away  from  the 
pillar  and  avoid  danger  of  shattering. 

Where  more  than  one  level  is  worked,  care  is  used  to  insure  that 
wherever  levels,  which  are  close  together,  overlap,  their  pillars  will 
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Fig.  4. — Map  of  a  Portion  of  a  Typical  One-Levkl  Mine. 

be  properly  centered,  the  upper  over  the  lower.  The  map,  Fig.  4, 
represents  a  portion  of  a  typical  one-level  mine  in  which  the  stopes 
vary  from  7  to  40  ft.  in  height. 
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Powder, 

The  bulk  of  the  powder  used  is  40  per  cent,  gelatine  or  nitrogly- 
cerine with  some  35  per  cent  gelatine ;  No.  6  caps  and  rubber-  or 
gutta  percha-covered  fuse  are  used. 

Drills. 

Less  than  5  per  cent,  of  the  drills  of  the  district  are  now  run  with 
two  men,  and  it  is  probable  that  within  another  year  nothing  but 
one-man  drills  will  be  in  use.  The  type  first  adopted  by  those  com- 
panies who  changed  from  two-man  to  one-man  drills  was  the  Sullivan 
n.  S.  2.25-in.,  and  there  are  still  more  of  those  drills  than  of  any  other 
in  use  in  the  district.  Within  the  past  year,  however,  faster  cutting 
drills  than  even  the  2.25-in.  Sullivan  have  been  sought,  and  as  a  result 
one  company  has  adopted  water  Leyners  throughout,  while  two  other 
companies  are  using  the  IngersoU  C-110  2.75-in.  butterfly-valve  drill 
for  a  large  part  of  their  work.  Attention  has  also  been  given  of  late 
to  the  large  amount  of  time  consumed  particularly  in  tripod  work  in 
setting  up,  even  with  the  one-man  drill,  and  several  of  the  companies 
are  therefore  beginning  now  to  use  hammer  drills  of  the  self-rotating 
type  for  down  holes  and  even  for  lifters.  These  hammer  drills  for 
holes  of  not  over  8  ft.  depth  will  drill  fully  as  fast  as  piston  drills  and 
no  time  is  consumed  in  setting  up,  while  the  air  consumption  is  only 
about  one-half  that  of  a  2.75-in  piston  drill. 

Steel  is  1-in.  octagon,  solid,  except  for  the  Leyners,  while  for  the 
hammer  drills  |-in.  hollow  steel  is  used.  The  sets  are  of  2  ft.  range 
from  2  to  12  ft.  for  piston  drills  and  2  to  10  ft.  for  hammer  drills. 
Machine  sharpening  is  quite  general  throughout  the  district,  using 
either  the  "  Z  "  bit  or  the  -f-  bit,  and  for  the  hammers  a  6-star  bit. 

Up  until  1908  the  ore  was  either  broken  by  day's  pay  or  else  by 
contract  at  so  much  per  linear  foot  of  hole  drilled.  This  latter  system 
did  not  prove  satisfactory,  however,  as  great  care  was  necessary  to 
insure  accurate  measurement  of  the  holes,  and  it  was  also  found 
that  the  proper  tonnage  per  foot  of  hole  was  not  being  obtained,  the 
tendency,  even  with  close  supervision,  being  to  locate  holes  more 
with  reference  to  ease  in  setting  up  than  to  tonnage  they  would  break. 

In  the  fall  of  1908  the  system  was  introduced  by  the  Federal  Lead 
Co.  of  letting  small  contracts  of  two  or  more  stopes  to  suitable  men  at 
so  much  per  ton  for  breaking.  This  system  compared  to  day's  pay 
has  some  drawbacks  in  that  it  is  not  as  flexible  in  the  way  of  shifting 
the  work  from  place  to  place  without  notice.  Also  it  takes  some 
care  to  keep  proper  records  of  the  tonnage  pulled  for  each  contract. 
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but  on  the  other  hand  it  has  built  up  an  excellent  group  of  machine 
men  in  the  district,  who,  whether  as  contractors  or  as  employees  of 
these  contractors,  are,  by  skill  in  placing  holes  and  by  close  attention 
to  their  work,  able  to  earn  on  aii  average  say  16  to  20  per  cent,  more 
than  the  prevailing  company  wage  of  |2.75  for  underground  drillings 
and  to  do  this  at  a  contract  cost  per  ton  that  is  fully  as  low  as  could 
be  obtained  by  company  day's  pay  operations  at  the  prevailing  wage. 

That  the  system  has  upon  the  whole  proved  satisfactory  both  to  the 
companies  and  the  machine  men  is  seen  from  the  fact  that  over  80 
per  cent  of  the  tonnage  of  the  district  is  now  broken  by  per-ton  con- 
tract, at  a  cost  for  labor  of  about  11  c.  per  ton,  and  an  average  earn- 
ing— figuring  the  shifts  of  labor  into  the  amount  paid — of  close  to 
$8.25  per  man  per  shift.  A  large  item  of  labor  expense  in  connection 
with  ore  breaking  is  that  of  roof  miners  to  take  down  all  loose  rock  and 
keep  the  backs  safe.  This  is  taken  care  of  by  day's  pay.  Adding 
this  cost  to  the  lie.  makes  a  total  of  approximately  14  c.  as  total 
drilling  labor  cost  per  ton. 

Consumption  of  air  and  of  powder  has  also  been  lessened  by  the 
contract  system,  as  more  skill  is  used  in  placing  holes  and  therefore 
more  tonnage  broken  per  linear  foot  of  hole.  Approximately  29  ft. 
of  holes  are  drilled  per  shift  per  single  machine  and  approximately  1 
ton  is  broken  per  foot  of  hole. 

Power  costs,  as  compressed  air  for  drilling,  are  approximately  5  c. 
per  ton  and  explosives  8  c.  Air  is  distributed  to  the  drills  at  about 
80  lb.  pressure. 

Stopes  are  wherever  possible  arranged  so  that  if  the  ore  bed  has  a 
little  dip,  the  stope  approaches  it  from  the  lower  side  and  works  up- 
hill, so  as  to  ease  the  ore  haulage  and  keep  the  faces  or  headings  free 
of  water  without  the  use  of  heading  pumps,  which,  operating  as  they 
must,  on  compressed  air,  are  expensive.  Tracks  are  all  24-in.  gauge 
and  25-lb.  steel  is  the  usual  weight.  Ties  are  of  oak  4  by  6  in.  by 
4  ft.  and  are  spaced  2-ft.  centers. 

Development  Work. 

Drifts  are  cut  7  ft.  high  by  8  ft.  wide,  and  while  the  center-cut 
method  of  breaking  is  sometimes  used  it  is  chiefly  for  extra  wide  or 
10-ft.  drifts  for  double  track,  and  in  general  the  side-cut  method  is 
used.  In  this  method,  12  holes  are  usually  used.  This  will  square 
3.5  to  4  ft.     These  12  holes  are  made  up  thus: 

First. — Four  holes  in  a  vertical  row  for  the  cut  with  a  depth  of  4 
to  6  ft.,  collared  about  8  ft.  from  the  side  of  the  drift  and  looking  so 
as  to  meet  the  side  line  at  their  bottoms. 
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Second, — Three  holes  in  a  vertical  row,  collared  18  in.  behind  the 
cut  row.  These  look  less  sharply,  so  their  bottoms  are  80  in.  from 
the  side  wall.  These  average  7  ft.  in  depth  so  as  to  gain  ground  in 
going  across  the  drift. 

Third. — Three  holes  in  a  vertical  row  close  to  the  far  wall  of  the 
drift  and  looking  parallel  therewith,  having  a  depth  of  8  to  10  ft. 
Then  in  front  of  these  three  holes  and  spaced  between  top  and  middle 
and  between  bottom  and  middle  are  two  relief  holes  of  same  depth, 
but  looking  a  little  toward  the  cut  side. 

In  case  of  hard-breaking  ground  16  holes  are  sometimes  necessary, 
made  up  in  that  case  of  four  vertical  rows  of  four  holes  each.  The 
different  vertical  rows  are  fired  in  series  from  cut  side  to  square-up 
side.  This  gives  a  beveled  square-up  or  face  to  the  drift  and  the  next 
slice  is  taken  by  reversing  and  putting  the  cut  holes  on  the  opposite 
side. 

Raises  are  nearly  all  put  up  on  a  45°  to  50°  slope  following  the 
same  breaking  method  as  in  drifts,  usually  taking  16  holes  in  the 
raise.  These  raises  are  put  up  7  by  10  ft.  and  a  manway  is  then  par- 
titioned off  at  one  end  by  cutting  hitches  and  putting  in  8-  by  8-in. 
stuUs  every  6  ft.,  lining  this  with  2-in.  oak.  The  manway  is  provided 
with  a  ladder  or  preferably  a  stairway  and  the  end  is  closed  with 
entrance  at  the  side,  thus  avoiding  danger  to  the  loaders  below  from 
rocks  falling  down  the  manway.  The  gate  at  the  bottom  of  the  chute 
is  usually  of  sector  type  operated  with  crank  arm  over  which  is 
placed  a  2.5-in.  pipe  for  leverage. 

Shoveling  and  Tramming. 

All  ore  in  the  district  is  shoveled  off  a  flat  bottom  into  cars,  which 
are  trammed  to  raises  and  dumped,  if  on  an  upper  level,  or  to  the 
shaft  if  upon  the  main  level. 

Up  until  the  end  of  1912  nothing  but  hand  work  had  ever  been 
used  for  shoveling,  but  in  January  of  this  year  the  Federal  Lead  Co. 
introduced  mechanical  loading  in  a  trial  way  at  one  of  its  mines  and 
since  that  time  has  been  shoveling  with  this  mechanical  shoveler 
about  7,000  tons  per  month,  working  two  shifts  per  day.  This 
machine  is  the  No.  4  Myers- Whaley  shovel  made  in  Knoxville,  Tenn., 
and  was  first  described  at  length  in  Engineering  News,  Sept.  5,  1912. 
In  this  machine  there  are  two  distinct  operations  for  loading  and  con- 
veying. The  loading  element  has  a  forward  shoveling  or  thrusting 
movement  actuated  by  a  rotating  crank  and  as  the  crank  moves 
further  it  lifts  the  shovel  through  the  material  until  the  shovelful 
slides  down  into  the  inner  or  rear  shovel.    As  the  crank  continues  to 


2764  MINIMS   AND   HIMINO   IIBTHODS. 

rotate  the  rear  shovel  is  forced  haekward  and  up  the  inclined  cam 
wa;  until  finally  at  the  end  of  the  stroke  the  material  is  discharged 
upon  the  belt  conveyor  and  thence  to  the  car.  The  shoveling  action 
is  continuous  and  automatic. 

The  accompanying  photographic  view,  Fig.  5,  ^ves  a  geDenl 
idea  of  the  machine  ae  at  work.  It  ie  improbable  that  it  will  ever  be 
found  profitable  to  use  this  mechanical  ehove)  except  in  stopee  20  ft. 
or  more  in  height,  as  in  the  lower  stopea  the  small  size  of  the  piles  i>f 
broken  rock  would  render  necessary  the  frequent  moving  of  tlie 
shovel.  In  high  slopes,  however,  especially  40  ft.  or  higher,  where 
the  broken  piles  are  large,  the  shovel  is  likely  to  find  extended  appli- 


cation in  this  distrii-t,  and  although  it  is  doubtful  if  it  will  on  an 
average  give  a  per  ton  shoveling  cost  any  lower  than  hand  shoveling, 
it  will  be  especially  useful  in  times  of  labor  shortage  or  when  an  in- 
crease in  proilnetiou  is  desired. 

The  tonnage  shoveled  per  man  for  hand  shoveling  depends  upon 
the  supply  of  rock  and  the  condition  of  the  floor ;  it  averages  for  the 
district  about  18  tons  per  man.  Long-handled,  round-pointed  No.  2 
shovels  are  used  requiring  about  130  shovelfuls  to  fill  a  1-ton  car  or 
15  lb.  per  shovel.     The  cost  per  ton  for  shoveling  averages  13  c. 

Ore  cars  of  the  district  are  in  general  1-ton  cars  of  rectangular 
shape  with  fiat  or  round  bottoms.    They  are  dumped  at  the  top  land- 
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ing  by  tipple,  being  pushed  by  hand  either  into  the  tipple  or,  as  in 
case  of  Desloge,  by  air-  or  steam-operated  piston,  with  a  suitable  hook 
at  the  end  of  the  piston  to  hold  the  car  and  return  it  to  the  cage. 
Self-dumping  cages  of  the  type  f requently;8een  in  coal  fields  are  used 
at  one  or  two  shafts  in  the  district. 

The  power-dumped  cars  are  usually  a  little  larger  than  those  for 
hand  tipple  dump,  being  of  1.5  to  1.75  tons  capacity.  Cars  of  "A** 
dump  model  of  1.4  tons  capacity  are  used  at  the  Federal  for  dumping 
into  pockets  for  skip  hoisting. 

Cages,  where  used,  go  to  solid  landing  at  bottom  and  rest  upon 
chairs  at  top  landing,  the  latter  being  pushed  in  and  out  by  lever. 

In  the  matter  of  car  wheels  and  bolsters,  the  styles  are  not  uniform 
thronghout  the  district  but  the  practice  at  the  Federal  may  be  taken 
as  fairly  typical.     Two  types  are  there  used : 

First. — ^Roller-bearing  bolsters  with  cast-iron  wheels  sufficiently 
open  at  the  spokes  to  permit  spragging  on  down  grades  by  inserting 
a  2-ft.  length  of  1.25-in.  pipe.  These  run  with  little  friction  and  in 
that  respect  are  the  most  satisfactory.  Further,  once  packed  with 
cup  grease  they  require  no  more  attention  for  oiling  for  three  months 
or  more.  Fpr  miscellaneous  work,  however,  where  the  grades  are 
frequently  over  3  per  cent,  these  cast-iron  wheels  are  liable  to  break 
by  spragging  under  loaded  train,  and  for  such  ground  the  second 
type  is  used. 

Second. — Cast-iron  bolsters,  which  are  bored  out  to  fit  2-in.  axles 
but  are  not  babbitted,  and  manganese-steel  wheels  with  axle  put  on 
by  hydraulic  pressure.  The  axle  is  held  in  place  in  these  bolsters  by 
a  fork  and  the  bolster  has  a  sump  or  oil  cellar  from  which  oil  flows 
to  each  axle,  using  Summer  black  oil. 

Mules  are  in  general  used  only  in  gathering  cars  from  the  head- 
ings, while  for  haulage  to  the  shaft,  particularly  where  the  distance  is 
great,  power  haulage  is  used.  At  the  Federal  and  St.  Louis  Smelting 
&  Refining  Co.  (National)  electric  haulage  is  used  exclusively;  250- 
volt  direct-current  locomotives,  mostly  6-ton  size,  are  used,  and  are 
run  either  single  or  double  header  according  to  the  train  load.  At 
the  St.  Joseph  and  Doe  Run,  Porter  high-pressure  air  locomotives  are 
used,  varying  in  size  from  4  to  9.5  tons  weight.  Some  gasoline  loco-, 
motives  are  also  in  commission.  At  Desloge  gasoline  locomotives 
are  used  exclusively  for  power  haulage  underground,  the  Desloge 
being  the  first  to  adopt  gasoline  haulage  in  the  district. 

Tramming  costs,  underground,  for  gathering  with  mules  and  haul- 
age to  shaft,  average  about  5  c.  per  ton  exclusive  of  track  work. 


2766  MINING   AND   MINING   METHODS. 

Lighting. 

Lighting  underground  at  stations  and  along  drifts  is  by  electric 
incandescent  lamps.  For  individual  lights  for  the  men  «  sunshine" 
is  used  exclusively.  About  three  years  ago  an  economy  in  the  use  of 
this  material  was  introduced  by  the  Federal  company,  which  arranged 
with  the  manufacturers  to  mold  this  into  briquettes  of  a  size  to  last 
8  hr.,  thus  avoiding  the  waste  incident  to  dealing  this  out  in  bulk. 
The  size  is  usually  one  brick  of  12  oz.  for  shovelers  and  machine 
men  and  1.5  bricks  to  drivers,  and  hand  miners  who  do  more  traveling. 

Drainage. 

The  amount  of  water  pumped  from  the  mines  is  greater  in  die 
spring,  but  the  year's  average  for  the  district^  is  about  12,500  gal. 
per  minute  under  an  average  friction  and  static  head  of  600  ft. 
The  tendency  for  pumping  as  for  other  large  power  requirements  is 
to  centralize  power  generation  and  distribute  power  electrically,  but 
progress  in  this  respect  has  not  gone  as  far  in  the  case  of  mine  pump- 
ing, so  that  at  the  present  time  the  bulk  of  the  water,  that  is  to  say 
approximately  8,000  gal.  per  minute,  is  still  handled  by  steam  pumps, 
while  8,000  gal.  per  minute  is  pumped  by  motor-driven  centrifugals, 
usually  five  stage,*  and  1,500  gal.  per  minute  by  motor-driven  geared 
plunger  pumps,  triplex  or  quadruplex.  Most  of  the  steam  pumps 
are  duplex  tandem-compound  with  jet  condensers,  with  one  or  two 
fly-wheel  pumps,  the  latter  being  naturally  more  efficient  On  the 
whole,  however,  the  steam  pumping  will  not  show  an  efficiency  over 
45  per  cent,  carried  back  to  the  boiler. 

The  centrifugal  pumps  will  average  about  55  per  cent,  efficiency, 
similarly  considered,  and  the  geared  plunger  pumps  not  over  75  per 
cent.,  so  that  the  pumping  for  the  district  as  a  whole  shows  about  50 
per  cent,  efficiency  carried  back  to  the  boiler.  This  figures  a  power 
consumption  operating  continuously  of  approximately  3,200  h-p.  or 
about  7  h.p-hr.  per  ton  of  ore  on  the  1912  production,  making  a 
drainage  cost  for  the  district  of  about  8  c.  per  ton  including  labor, 
supplies,  and  repairs. 

Power. 

Considerable  progress  has  been  made  during  the  past  few  years  by 

the  operating  companies  in  the  way  of  centralizing  power  generation. 

The  St.  Joseph  and  Doe  Run  each  have  central  power  plants  with 

'  Compiled  from  information  given  bj  the  managers  of  the  different  operating  com- 
panies. 

*  By  April,  1914,  approximately  2,500  gal.  per  minute  now  pumped  bj  steam  will  be 
handled  by  motor-driven  geared  quadruple!  plunger  pumps. 
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LoomiB-Pettibone  and  Westinghouse  gas  producers,  and  double-acting 
twin-tandem  Snow  horizontal  gas  engines  direct  connected  to  6,600- 
volt,  three-phase,  50-cycle  generators,  and  distribution  is  made  at  that 
voltage.  In  addition,  the  St.  Joseph  has  steam  turbines  both  high 
pressure  and  mixed  pressure,  and  Corliss  compound,  condensing  recip- 
rocating engines. 

The  Federal  has  one  central  power  plant  using  chain  grate  stokers 
and  Curtis  turbines,  current  being  distributed  at  2,200  volts,  three 
phase,  60  cycles ;  also  some  auxiliary  steam  plants  for  pumping,  air 
compressing,  and  hoisting. 

The  National  central  power  plant  uses  underfeed  stokers,  recipro- 
cating engines,  direct-current  generators,  and  distributes  at  500  volts. 

The  Desloge  uses  chain  stokers  and  reciprocating  engines  direct 
connected  to  the  mill. 

Coal  comes  from  various  points  in  Illinois,  costing  on  mine  run 
base  90  c.  to  $1.10  f.o.b.  mines  with  freight  rates  from  70  to  &0c.  per 
ton. 

Total  power  consumption*  for  the  district  averages  about  lt),000,000 
h.p-hr.  per  month,  and  figuring  this  in  horsepower-hours  per  ton  of  ore 
mined  and  milled  gives  30  hr.,  the  distribution  being  about  as  follows : 

Air  compreating 6.5 

Drainage 7.0 

Undergroand  haulage 0.8 

Hoisting 1.2 

Crushing  and  milling 13.0 

Lighting 1.0 

Heating  and  miscellaneous 0.5 

Total 30.0 

In  the  matter  of  coarse  crushing,  the  St.  Joseph,  Doe  Run,  and 
Desloge  crush  to  about  4-in.  size,  with  gyratories  at  each  shaft,  before 
hauling  to  mill,  while  at  Federal  and  National  all  crushing  both 
coarse  and  fine  is  done  at  the  mill. 

Surface  transportation  from  shafts  to  mills  is  done  by  standard- 
gauge  steam  railroads.  The  Federal,  Desloge,  and  National  each 
have  a  railroad  of  their  own  for  haulage  service  only,  while  the  St. 
Joseph  and  Doe  Run  control  a  railroad  of  about  60  miles  length 
which,  in  addition  to  ore  service,  does  a  general  freight  and  passen- 
ger business. 

*  Compiled  from  information  given  hy  the  managers  of  the  different  operating  com- 
panies. 
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Acreage  Mined. 

Approximately  540  acres  of  ground,  excluding  pillars,  has  been 
stoped  since  the  commencement  of  mining  in  the  district,  of  which 
about  285  acres  was  mined  from  1869  to  1907,  and  about  255  acres 
from  1908  to  1912,  inclusive.  During  the  past  few  years  the  number 
of  tons  of  crude  ore  per  acre  mined  has  averaged  for  the  district 
about  75,000.* 

Mining  Costs^  Tons  per  Man^  Etc. 

Costs  per  ton  for  crude  ore  mined  and  delivered  to  mill  bins  aver- 
age about  85  c.  for  the  district,  exclusive  of  diamond  drilling  and 
other  prospecting  which  is  variable  with  the  different  companies  and 
may  range  from  5  to  15  c.  per  ton. 

Tons  per  man  for  all  underground  labor  averages  about  5.7,  dis- 
tributed about  as  follows : 

CUuBlflcatlon.  Tons  per  Man. 

Superintendent!  foremen  and  bosses 195 

Stablemen 650 

Mule  drivers 55 

Motormen 500 

Gatemen  and  chute  tenders 400 

Spraggers  and  car  dumpers 400 

Blacksmiths  and  helpers 500 

Trackmen 100 

Hand  miners  (for  safety  of  roofs) 90 

Blasters 800 

Cagers  and  landers 180 

Watchmen,  car  cleaners  and  yardmen 250 

Machine-drill  men. 29 

ShoTelers 18 

Miscellaneous 200 

Average  for  total  underground  labor.* 5.7 

The  crude-ore  output  as  tons  per  man  for  all  employees  of  the  five 
operating  companies,  for  prospecting,  mining,  and  milling  was  2.96 
for  the  year  1911 ; '  for  1912  the  State  report  will  doubtless  show  a 
little  higher,  due  largely  to  progress  in  the  way  of  centralizing  oper- 
ations, particularly  power  generation,  milling,  and  hoisting. 

*  Compiled  from  information  given  hj  the  managers  of  the  different  operating  com- 
panies. 

*  According  to  the  Twenty-fifth  Annual  Report  of  the  Missouri  Bureau  of  Mines. 
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Monolithic  Magnetite  Linings  for  Basic  Copper  Converters. "*" 

BT  ABCHSB  B.   WHBBLEB  AND  MIIiO  W.    EBBJCI,  ORKAT  FALLB|   MONT. 

(Butte  Meeting,  August,  1918.) 

Introduction. 

There  are  two  general  methods  in  use  for  the  prodaction  of 
metallic  copper  from  matte  which  are  worthy  of  consideration  :  (1) 
the  Welsh  blister  process,  and  (2)  the  converter  process.* 

As  practically  all  of  the  copper  prodaced  to-day  is  made  in  con- 
verters, we  will  give  a  brief  outline  of  that  process  before  proceeding 
with  the  special  subject  of  this  paper. 

Matte  may  be  roughly  defined  as  a  mixture  of  the  sulphides  of 
copper,  iron,  nickel,  silver,  etc. 

In  the  converter  process  this  is  blown  up  to  metallic  copper  in  a 
modified  type  of  Bessemer  converter. 

The  conversion  of  matte  consists  mainly  in,  (1)  the  removal  of  sul- 
phur in  the  form  of  SOj,  and  (2)  the  slagging  of  the  iron. 

With  this  brief  statement  we  come  to  the  two  subdivisions  of  the 
process  of  converting  mattes : 

Converting  with  acid  linings. 

Converting  with  basic  linings. 

Converting  with  Acid  Linings. 

This  is  carried  out  by  lining  the  converter  with  siliceous  rock  or 
ore,  which  performs  two  functions :  It  protects  the  iron  shell  of  the 
converter  from  the  molten  charge,  and  it  furnishes  the  silica  for 
combining  with  the  iron  as  it  is  oxidized  from  the  matte,  to  form  a 
ferrous  silicate.  It  follows  from  the  second  of  these  functions  that 
this  siliceous  lining  must  be  replaced  from  time  to  time,  and  in  prac- 
tice it  has  been  necessary  to  reline  converters  every  8  to  40  hr.,  this 
time  varying  in  different  plants  and  even  with  different  linings  in  the 
same  plant,  the  life  of  a  lining  depending  upon  the  grade  of  the  matte 
treated,  and  upon  the  composition,  the  thickness,  the  tamping,  and 
the  drying  of  the  lining. 

*  U.  S.  Patent  1,068)470,  process  of  forming  furnace  linings,  issued  July  29,  1913,  to 
Archer  E.  Wheeler  and  Milo  W.  Krejci. 

*  Peters:  Praetiee  of  Copper  Smelling,  p.  460  (1911). 
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The  process  was  modified  by  the  introduction  of  siliceous  ore  into 
the  converter  through  the  mouth,  during  its  campaign,  thus  prolong- 
ing the  life  of  the  lining  by  furnishing  some  of  the  silica  necessary  to 
flux  the  iron.  It  never  became  possible  in  practice  to  prolong  the 
life  of  the  lining  more  than  a  few  hours,  due  to  the  mechanical  wear 
and  wash  of  the  heavy  and  hot  charge. 

It  will  thus  be  seen  that  the  acid  lining  was  expensive  and  cum- 
bersome. 

Converting  with  Basic  Linings, 

A  few  years  ago  basic  linings  of  magnesite  brick  came  into  use. 
After  the  first  demonstrations  had  shown  the  advantages  their  nse 
spread  rapidly,  until  to-day  practically  all  of  the  converting  of  copper 
mattes  is  in  basic-lined  converters. 

The  principle  of  the  basic  lining  is  very  simple  and  clear :  namely, 
the  use  of  a  chemically  basic  material,  in  order  to  avoid  chemical 
action  between  the  lining  on  the  one  hand,  and  the  charge  and  the 
products  of  the  process,  which  are  also  basic,  on  the  other.  The 
necessary  acid  (silica)  to  carry  on  the  chemical  reactions  is  supplied 
by  introducing  siliceous  ores,  or  other  materials,  into  the  converter, 
either  through  the  mouth  or  through  the  tuyeres. 

Although  magnesite  and  other  materials  had  been  tried  experi- 
mentally at  the  Boston  and  Montana  Reduction  Works  at  Great  Falls, 
basic  lining  was  not  introduced  permanently  until  Mar.  9, 1911,  after 
it  had  been  in  use  for  a  time  at  Baltimore,  Garfield,  and  Anaconda. 

The  usual  practice  to-day  is  to  use  a  magnesite-brick  lining  in  the 
shell,  varying  from  '9  to  30  in.  in  thickness  in  different  parts  of  the 
converter,  the  thickest  lining  being  at  the  tuyeres,  on  account  of  the 
intense  chemical  action  and  the  high  temperature  at  that  point 

Unless  the  temperature  is  allowed  to  become  too  high  there  should, 
from  a  chemical  point  of  view,  be  no  corrosion  of  the  lining.  How- 
ever, the  converting  process  does  not  maintain  a  uniform  temperature 
in  the  converter,  the  heat  evolved  from  the  chemical  reactions  beine 
different  at  different  stages  of  the  process ;  and  further,  the  process  is 
an  intermittent  one,  a  charge  being  introduced,  finished,  and  poored 
out  of  the  converter,  and  then  a  fresh  charge  introduced,  the  result 
being  varying  temperatures,  the  extreme  low  temperature  occurring 
in  the  interval  between  pouring  one  charge  and  introducing  the  next. 
These  variations  of  temperature  cause  the  brick  to  crack  and  spawl 
and  break  off,  tending  to  thin  the  lining  in  places. 

Again,  if  the  temperature  is  allowed  to  become  too  high  the  brick 
become  soft,  and  then  mechanical  wash  and  abrasion  wear  off  the 
lining.     This  latter  wear  takes  place  under  normal  working  condi- 
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tioDB,  but  not  to  the  same  extent  as  when  the  temperature  is  too 
high.  Thus  the  theoretically  indestructible  lining  is  not  practi- 
cally so. 

In  order  to  guard  against  this  wear  and  protect  the  brick  it  was  the 
practice  lo  heat  the  newly  lined  converter  to  a  bright  red  heat  with 
wood,  coal,  oil,  or  other  fuel.  When  it  had  been  brought  to  the 
proper  temperature  a  charge  of  matte  was  blown  to  white  metal  in 
another  converter  and  this  white  metal  charged  to  the  new  converter, 
and  then  blown  to  copper,  thus  coating  the  lining  with  a  thin  layer 
of  white  metal  and  copper.  This  operation  was  repeated  several 
times  before  the  converter  was  considered  ready  for  the  regular  ser- 
vice of  blowing  matte.  This  did  not  give  very  satisfactory  results,  as 
the  melting  point  of  the  white  metal  and  copper  was  low  and  any 
slight  increase-over  the  normal  working  temperature  would  result  in 
melting  off  this  coating,  exposing  the  brick,  which  would  then  wear 
away.  That  this  is  not  a  satisfactory  method  is  attested  by  the  fact 
that  there  have  been  many  basic  linings  which  have  lasted  only  a 
few  days,  whereas  basic  linings  properly  protected,  as  described  later, 
have  lasted  over  two  years  and  are  still  in  service. 

We  very  soon  deviated  from  this  method  of  preparing  a  new  con- 
verter to  the  practice  of  immediately  blowing  matte,  blowing  the 
charge  for  a  few  minutes  until  the  temperature  approached  a  dan- 
gerous point,  then  allowing  the  charge  to  stand  for  15  or  20  min., 
then  repeating  the  treatment,  and  continuing  this  cycle  of  operations 
until  the  brick  had  become  coated  with  a  layer  of  matte.  This  was 
just  as  good  as  the  white  metal  treatment,  and  better  from  the  point 
of  view  of  doing  away  with  the  transfer  of  white  metal. 

Monolithic  Magnetite  Lining  or  Coating. 

This  method  of  protecting  the  brick  lining  of  a  converter  is  based 
on  the  fact  that  magnetite^  is  formed  in  artificial  magmas,  especially 

where  the  proportion  of  silica  is  low.  Any  excess  of  iron  over  that 
needed  to  combine  with  silica  is  likely  to  be  deposited  in  the  form  of 
magnetite. 

The  melting  point  of  magnetite  is  given  by  various  authorities  as 
from  1,527°  to  1,588°  C.  The  ordinary  working  temperature  in  a 
converter  will  rarely  go  over  1,200°  C.  unless  improperly  operated. 
It  will  be  evident  that,  if  we  have  a  basic  coating  or  covering  over 
the  brick  lining,  which  coating  has  a  melting  point  greater  than  that 
of  the  charge,  and  which  can  be  put  on  at  will  during  the  process  of 


•  Data  of  Geochemistry,  Bulktin  No,  491,  U.  S,  Geological  Survey,  p.  327  (1911). 
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the  blow,  once  a  converter  is  lined,  it  should  never  be  relined.    This 
would  be  the  case  if  100  per  cent,  efficiency  were  poseible. 

The  method  of  applying  this  lining  to  converters  is  as  follows:  The 
newly  lined  shell  is  heated  up  gradually  to  a  bright  red  heat  and 
charged  with  liquid  matte,  preferably  of  a  low  grade,  say  35  per  cent. 
The  charge  of  matte  is  blown  for  10  or  15  min.,  when  the  addition 
of  cooling  material  will  be  found  necessary,  on  account  of  the  increase 
in  temperature  in  the  converter.  The  cooling  is  performed  by  the 
addition  of  cold  matte.  Alternate  blowing  and  the  addition  of  cold 
matte  is  continued  until  the  charge  is  blown  to  white  metal.  "So  ore 
or  other  siliceous  material  has  been  added  thus  &r  in  the  blowing  of 
the  initial  charge  of  matte,  and  therefore,  with  the  lack  of  silica,  the 
conditions  have  been  right  for  the  formation  of  magnetite. 

It  will  now  be  observed  that  the  interior  of  the  converter  has  be- 
come coated  with  the  magnetite  formed  during  the  blow.  A  fresh 
charge  of  liquid  matte  is  added,  together  with  a  little  less  than  the 
requisite  amount  of  silica,  and  blowing  is  continued  in  the  regular 
way  until  the  brick  lining  is  thoroughly  coated  and  no  brick  is  ex- 
posed.    After  this  the  actual  silica  required  to  flux  the  iron  is  used. 

Under  these  conditions  the  lining  should  last  a  very  long  time,  as 
the  coating  can  be  maintained  by  proper  regulation  of  the  converting 
temperature  and  the  siliceous  charge. 

Should  the  coating  become  too  thick,  the  silica  of  the  charge  can 
be  increased,  as  well  as  the  temperature,  and  a  portion  of  the  coating 
removed ;  and  vice  versa,  in  case  the  coating  wears  off  and  the  brick 
becomes  exposed. 

In  the  blowing  of  the  matte  without  ore,  the  iron  becomes  oxidized 
to  FCjO^  and  the  sulphur  to  SO^.  The  working  temperature  of  the 
converter  can  be  kept  down  to  normal  by  adding  cold  matte,  con- 
verter cleanings,  scrap,  or  ore,  the  material  used  depending  on  the 
operating  conditions  of  the  charge. 

A  detailed  record  of  the  basic  converter  practice  at  Great  Falls 
up  to  June  1,  1913,  is  given  in  a  previous  paper.'  The  following 
table,  containing  parts  of  Table  IV  of  the  paper  referred  to,  brings 
this  information  up  to  date. 

*  Wheeler  and  Krejci:  Great  Falls  Converter  Practice,  Bulletin  No.  80,  August,  1913, 
pp.  1801  to  1869. 
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CoDTerter. 


Clas.   Bottom. 


IV, 

IV. 

IV. 

IV. 
cIII. 

IV. 

V. 
6 IV. 

6V. 

cm. 


B 
C 
D 
A 
8 
C 
A 
B 
A 
8 


Record  of  Basic-Lined  Converters. 

Campaign. 


Mar. 
Apr. 
May 

June 

Nov. 

Mar. 

Aug. 

Sept. 

Jan. 

Mar. 


9,  1911 
29,  1911 

7,  1911 
22,  1911 

16,  1911 

17,  1912 

8,  1912 
12,  1912 
20,  1918 
28.  1918 


June 

Jan. 

Oct. 

Oct. 

Dec. 

Apr. 

Dec. 

Aug. 

Aug. 

June 


8,  1912 
4,  1912 

9,  1918 
15.  1918 
25.  1912 
13,  1918 
17,  1912 

2,  1913 
28,  1913 
1,  19136 


Elap- 
sed 
Days. 


Tons 
Cu. 


Charges. 


451 

12,216.1 

1.026 

251 

7.479.1 

580 

886 

17.246.8 

1,814 

846 

20.331.4 

1.448 

406 

8,990.7 

640 

892 

5,643 

445 

137 

2.835 

8^ 

825 

4.588.2  • 

858 

219 

8,981.9 

252.58 

70 

404.2 

38 

1 

Tons 
Cuper  ; 
Charge.' 


11.9 
12.9 
18.1 
14.0 
14.0 
12.7 
82.4 
12.7 
85.5 
12.8 


Total  Time 
Operating. 


Hr. 

Mln. 

7.509 

45 

4.149 

40 

9,756 

85 

9.986 

15 

4,523 

50 

2,960 

10 

656 

45 

2,485 

10 

2,122 

15 

251 

50 

h  Still  runniog  on  this  campaign. 

c  Th«8e  two  runs  are  reallj  parts  of  the  same  campaign.  The  converter  was  shut  down 
on  Dea  25,  1912,  to  change  the  tuyeres  for  experimental  purposes. 

During  October,  1913,  all  of  the  Class  IV  or  12-ft.  converters  were 
abandoned,  the  plant  reaching  that  point  in  reconstruction  where  the 
new  20-ft.  converters  were  used  entirely.  All  the  converters  referred 
to  in  the  preceding  table  as  operating  in  October,  1913,  were  aban- 
doned while  still  in  operating  condition. 

If  it  is  desired  to  learn  the  performance  of  the  converters  listed 
above  in  terms  of  matte  treated,  the  "  Tons  Ou "  should  be  multi- 
plied by  3.2.  The  result  will  be  approximately  the  tons  of  matte 
treated. 

We  believe  these  figures  show  greater  duty  per  lining  than  other 
basic-lined  converters,  and  we  attribute  it  primarily  to  the  monolithic 
magnetite  lining,  properly  handled.  We  even  believe  that  it  will  be 
possible  to  use  a  cheaper  original  lining  than  the  magnesite  and  have 
made  some  experiments  along  that  line,  but  it  has  not  yet  been  demon- 
strated to  our  satisfaction. 
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(New  York  Meeting,  October,  1913.) 

I.  General  Introduction. 

Technical  progress  takes  place  in  two  directions :  the  improvement 
of  methods,  affecting  the  quality  of  the  product ;  and  increase  in  the 
economy  of  operations,  affecting  its  cost.  In  the  iron-industry,  practice 
is  pretty  well  settled,  and  revolutionary  changes  of  method  are,  for 
the  present,  not  to  be  expected.  Hence,  in  this  industry,  the  princi- 
pal endeavor  is  to  reduce  costs  by  the  use  of  labor-saving  inventions, 
such  as  the  machines  brought  into  use  during  the  last  decade.  But 
it  is  not  alone  necessary  to  reduce  the  labor-cost;  complete  economy 
requires  also  a  saving  in  raw  material.  Under  this  head  we  may  rank 
the  coal  employed  as  metallurgical  fuel ;  and  it  follows  that  progress 
includes  the  economic  use  of  fuel,  so  managed  as  not  to  injure  quality 
of  product.  In  the  present  paper  it  will  be  shown  how,  by  suitable 
utilization  of  the  heat  from  the  furnace,  a  large  portion  of  it  may  be 
made  available  for  other  purposes. 

Such  utilization  of  waste-gases  is  important  in  all  industries  which 
employ  furnaces  (especially  heating-  and  smelting-f urnaces) ;  and  in 
the  first  rank  of  these  stand  the  iron-,  glass-,  and  porcelain-manufac- 
tures. The  following  pages  are  devoted  chiefly  to  the  waste-gases  of 
smelting-works,  and  especially  to  those  reverberatory-f  urnace  gases 
which  are  not  combustible.^ 

The  object  of  metallurgical  furnaces  is  either  to  fuse  the  material 
charged  or  to  bring  it  to  a  high  temperature  required  for  further 
mechanical  manipulation.  Leaving  out  of  consideration  for  the 
present  the  reverberatory  fusion-furnaces,  we  have  to  do  with  the 
heating-furnaces  employed  in  connection  with  rolls,  hammers,  or 
hydraulic  presses.     The  temperature  to  which  the  material  must  be 

*  Profesior  at  the  flojal  Imperial  Mining  Academy  of  Leoben,  Austria. 
^  For  more  thorough  discunion,  reference  is  made  to  the  work  of  the  present  writer,  Die 
AbkUzkegself  published  in  1913  by  W.  Knapp  at  Halle  an  der  Saale. 
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raised  in  such  furnaces  varies,  according  to  quality  and  use  of  pro- 
duct, from  800°  to  1,200°  C,  and,  of  course,  the  hearth  itself  must  be 
still  hotter,  as  will  be  also  the  gases  coming  from  the  hearth  (except 
in  the  continuous  heating-furnace).  It  follows  that  the  efficiency  of 
such  a  furnace  with  respect  to  the  utilization  of  fuel  must  be  very 
low,  as  will  appear  from  the  following  statement  of  the  matter. 

If  ta  and  t^  be  the  temperatures  at  the  beginning  and  the  end  of 
the  hearth,  respectively,  ??„  the  theoretical  ratio  of  utilizable  heat,  will 

be  rji  = .    For  instance,  if  the  initial  temperature  be  1,400**  C, 

and  the  final  temperature  1,000°  C,  the  percentage  of  available  heat 

1,400  —  1,000 
will  be 7~7?i^ =  ^'29  o"*?  roughly,  30  per  cent     This  calcu- 
lation makes  no  allowance  for  the  great  loss  of  heat  by  radiation  and 
conduction,  which  will  be  discussed  hereafter. 

In  the  instance  given,  on  the  assumption  that  there  was  no  suction 
of  air  through  the  doors,  the  combustion-gases  have  lost,  on  the  way 
from  fire-bridge,  to  fine,  say  80  per  cent,  of  their  original  heat,  and 
there  should  remain,  therefore,  some  70  per  cent,  of  the  heat  gener- 
ated on  the  grate,  to  be  made  available  (if  it  be  possible  to  cool  the 
gases  to  0°  C,  or  to  the  temperature  of  the  outer  air,  as  the  case 
may  be). 

The  simplest  way  to  utilize  this  heat  would  be  to  prolong  the  fur- 
nace, and  move  the  charge  towards  the  fire,  so  as  to  heat  it  on  the 
counter-current  principle.  By  this  method  it  is  possible  in  the  con- 
tinuous heating-furnace  to  operate  the  furnace  itself  at  a  lower  tem- 
perature, thus  securing  additional  fuel-economy.  Of  course  it  is  not 
the  difference  between  initial  and  final  temperatures  only,  but,  as 
already  observed,  all  incidental  losses  of  heat  also,  which  must  be 
considered  in  maintaining  the  efficiency  of  the  furnace.  Making 
allowance  for  the  great  losses  by  radiation,  which  depend  upon  the 
temperature  of  the  furnace,  one  soon  arrives  at  a  practical  limit  of 
furnace-size,  beyond  which  it  is  not  advantageous  to  go.  The  lower 
the  flame-temperature  at  the  end,  the  greater  the  efficiency  of  the 
furnace. 

As  to  further  reduction  of  chimney-temperature,  however,  it  must 
be  inquired  whether  the  draft  may  not  be  thereby  diminished. 
Theoretically,  the  maximum  draft  is  obtained  at  about  800°  C.  of 
gas-temperature.  An  example  will  show  how  the  draft  is  affected 
by  higher  or  lower  temperatures. 

Let  us  assume  that  the  stack  of  such  a  furnace  has  a  draft  of 
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20  mm.  water-colamn,  one-half  of  which  is  used  in  overcoming  the 
resistances  in  the  furnace  and  flue,  and  on  the  grate,  leaving  10  mm. 
to  affect  the  speed  of  the  escaping  gases.  In  order  to  determine  the 
volume  or  weight,  of  the  gases  drawn  per  unit  of  time  through  a  stack 
of  say  1  sq.  m.  area,  we  will  consider  three  cases,  assuming  the  gas- 
temperature  at  200°,  800°,  and  400°  C.  respectively. 

Under  the  conditions  assumed,  the  friction  in  the  stack  itself  being 
neglected,  we  have  v=  l/2gh  for  the  velocity  of  the  gases  entering 
the  stack  with  an  effective  draft-pressure  of  10  mm.  water.  Substi- 
tuting for  the  water-column  h^  the  corresponding  air-column  in  mil- 
limeters, Y  being  the  specific  gravity  of  the  chimney-gas  and  ^^  that 

of  water,  we  have  V  °  ^  ?^  as  the  velocity  of  the  chimney  current. 

At  the  given  temperatures,  the  specific  gravities  of  the  chimney- 
gases  are  approximately : 

Temperature.  Value  of  y  In  Kllograxos 

Degrees  C.  per  Cubic  Meter. 

200  0.7 

300  0.6 

400  0.5 

Calculated  upon  these  figures,  the  respective  velocities  of  the  chim- 
ney-gases in  the  three  cases  will  be  roughly  16,  18,  and  19  m.  per 
second ;  and  the  weight  of  gas  passing  per  second  through  the  as- 
sumed cross-section  of  1  sq.  m.  (no  allowance  being  made  for  resist- 
ance in  the  stack)  will  be  roughly  12  to  10  kg.  at  these  three  tem- 
peratures. It  appears  at  first  sight  that  the  weight  of  gas  actually 
moved  by  the  stronger  draft  is  not  greater,  but,  on  the  contrary, 
somewhat  smaller.  But  this  contradiction  is  not  real;  for  we  have 
assumed  the  absence  of  frictional  resistance  in  the  stack,  whereas, 
this  resistance  not  only  exists,  but  may  be  confidently  assumed  as 
greater  for  the  cooler,  and  smaller  for  the  hotter  (i.  e.,  lighter)  gas- 
current.  The  safe  practical  conclusion  is  that,  within  certain  limits, 
the  weight  of  gas  drawn  through  a  chimney  remains  constant  under 
moderate  increase  or  diminution  of  temperature.  It  follows  likewise, 
that  a  considerable  cooling  of  the  gases  for  utilization  of  their  sur- 
plus remaining  heat  cannot  injure  the  process  of  combustion,  pro- 
vided the  draft  in  the  chimney  is  strong  enough  to  overcome  resis- 
tances, and  produce  the  necessary  gas-velocity.  In  most  cases,  the 
chimney-draft  has  to  be  throttled  anyhow ;  and  in  cases  where  blast- 
pressure  ( Unterwind)  is  used,  there  is  no  room  for  any  fear  of  disad- 
vantage through  reduction  of  draft. 

The  temperature  of  the  waste-gases,  though  varying  with  the  pur- 
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poBe  for  which  the  furnace  is  operated,  is  usually  high  enough  for  the 
utilization  here  to  be  described.  According  to  the  method  of  calcu- 
lation employed  above,  the  available  heat  in  gases  leaving  the 
furnace  at  1,000°  0.  and  entering  the  chimney  at  800°  C.  would  be 

^  ^      ^ —   or  70  per  cent. ;  that  is,  under  the  conditions  assumed, 

about  70  per  cent,  of  the  heat  of  the  gases  leaving  the  furnace  should 
be  available  for  other  purposes.  As  a  general  rule,  however,  this 
figure  is  not  reached,  because,  for  reasons  of  construction  and  impera- 
tive considerations  of  safety,  the  boiler  which  is  to  be  heated  by  the 
waste-gases  must  not  be  directly  a  part  of  the  furnace  constraction, 
and  hence  a  fall  of  temperature  will  take  place  in  the  connecting 
main.     Assuming  in  our  example  such  a  fall  of  100°  C,  we  have,  as 

the  available  percentage  of  heat,  — ^r-KKr\ —  ^r,  about  60  per  cent 

It  is  evident  at  once  from  this  discussion  that  the  arrangement  of 
furnace  and  boiler  should  be  such  as  to  involve  the  smallest  possible  fall  of 
temperature  between  the  two.  Long  mains  are  therefore  to  be  avoided 
as  far  as  practicable,  since  they  involve  a  considerable  relative  fall  of 
temperature.  Fortunately  there  are  many  constructions  which,  in 
most  cases,  satisfy  the  requirements  above  stated. 

The  total  theoretically  available  heat-energy  of  the  coal  burned  on 
the  grate  is 

ta  —  te    ,    ^  a  """  ^  e 

the  flame-temperature  being  t^  at  the  beginning  and  te  at  the  end  of 
the  hearth;  t'^  initial,  and  t'e  final,  temperature  of  the  waste-gases. 
And  since  (apart  from  losses  between  furnace  and  boiler)  t^  =  t'^,  the 
formula  becomes 

t^  — 1% 

In  the  example  given,  t^  =  1,400°  C. ;  t^  =  t'a  =  1,000°  C;  and 
t'e=300°C.     Hence, 

1,400  —  800 

yi=- =0.79 

1,400 

whence  it  appears  that  by  the  addition  to  a  heating-furnace  of  a  boiler 
heated  by  waste-gases  a  total  theoretical  availability  of  nearly  80  per 
cent,  would  be  realized,  about  80  per  cent  being  contributed  by  the 
furnace  and  50  by  the  boiler.     The  theoretieaUy  possible  utUtzatian  of 
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heat  is  thus  esseniiaUy  higher  in  the  boiler  than  in  the  furnace  therewith  con- 
nected. 

So  far  we  have  not  coDsidered  the  various  losses  in  the  furnace  and 
at  the  boiler.  But  they  must  necessarily  receive  attention,  since  only 
BO  can  the  increase  of  economy  produced  by  adding  to  a  heating-fur- 
nace a  suitably  constructed  waste-gas-heated  boiler  be  placed  in  the 
right  light. 

The  modern  rolling-mill  furnaces,  directly  fired  or  with  half-gas 
firing,  combine  with  a  maximum  of  work  a  utilization  of  the  heat  of 
the  gases  amounting  in  certain  favorable  cases  to  perhaps  15  or  even 
20  per  cent.  Assuming  for  less  productive  furnaces  an  economic 
degree  (  Wirkungsgrad)  of  only  10  per  cent,  (by  which  is  meant  the 
relation  between  the  heat  actually  utilized  in  warming  the  ingot  or 
bloom  and  the  total  heat  generated  on  the  grate),  it  appears  that  of 
the  30  per  cent,  available  for  this  work  (according  to  the  calculation 
in  our  example)  only  one-third  is  really  brought  out.  The  remain- 
ing 20  per  cent,  of  the  total  heat  generated  we  must  regard  as  lost 
through  radiation  and  conduction,  as  well  as  through  incomplete 
combustion. 

The  loss  by  radiation  and  conduction  of  a  quantity  of  heat  greater 
than  the  quantity  utilized  is  an  extreme  but  conceivable  case,  in  view 
of  the  high  temperatures  occurring  within  the  furnace.  According 
to  Stefan-Boltzmann,'  the  transfer  of  heat  by  radiation  varies  as  the 
fourth  power  of  the  absolute  temperature  of  bodies  concerned. 

In  a  boiler  of  proper  dimensions  and  construction,  the  conditiona 
are  essentially  more  favorable,  since  here  only  the  loss  by  radiation 
makes  itself  felt  to  any  considerable  extent.  Assuming  a  total  boiler- 
loss  of  15  per  cent,  of  the  theoretical  boiler-efficiency,  we  shall  have^ 
notwithstanding,  in  our  example,  an  actual  realization  of  85  per  cent, 
of  the  available  60  per  cent.,  or  about  50  per  cent.  TkuSj  by  the 
addition  of  a  properly  constructed  boiler  to  a  heating-furnace^  the  utiliza- 
tion of  the  fuel-energy  may  be  raised  from  10  per  cent,  to  60  per  cent.y 
whence  it  is  again  clear  that  such  an  addition  is  imperatively  demanded  in 
the  interest  of  furnace-economy. 

Thus  far,  we  have  left  out  of  consideration  the  fuel  and  the  conduct 
of  combustion.  But  in  the  operation  of  the  reverberatory,  it  is,  as 
already  observed,  necessary  not  only  to  maintain  the  furnace-tem- 
perature required  by  the  pieces  to  be  heated,  but  also,  in  many  cases 
(particularly  in  furnaces  heating  "  quality  "-steels),  to  keep  the  com- 
position of  the  gases  in  the  furnace  such  as  to  exclude,  as  far  as 
possible,  any  deleterious  action  upon  the  charge,  which  it  must  be  our 

'  Stahl  und  EUen,  vol.  zui.,  No.  40,  p.  1640  (Oct  5, 1911). 
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aim  to  protect,  not  only  against  overheating,  but  also  against  too 
great  oxidation.  The  flame  should  carry  as  little  excess  of  air  as 
possible ;  so  that  it  seems  in  many  cases  better  to  work  with  too  little 
than  with  too  much  air.  In  the  former  case,  there  would  be  a  loss  of 
unconsumed  gases ;  but  this  would  ordinarily  be  smaller  than  the  loss 
occasioned  in  the  latter  case  by  the  burning  of  expensive  material  in 
the  charge. 

The  amount  of  loss  from  incomplete  combustion  depends  chiefly 
on  the  construction  of  the  furnace  and  the  manner  of  firing.  Investi- 
gations of  this  question  made  by  the  present  writer  have  given  various 
results,  so  that  (as  might,  indeed,  have  been  expected  after  the  fore- 
going statements)  no  generally  applicable  figures  can  be  given.  In 
one  experiment,  no  less  than  6  per  cent,  of  CO  was  found  in  the  waste- 
gases  of  a  furnace  heating  large  blooms.  In  the  very  great  majority 
of  cases  the  furnace  could  be  run  with,  perhaps,, from  2  to  3  per  cent 
of  carbon  monoxide  in  the  waste-gases,  so  as  to  avoid  excessive  burning 
of  the  charge.  This  loss  through  imperfect  combustion  has  been 
omitted  from  the  foregoing  discussion  because,  being  so  highly  de- 
pendent upon  various  working-conditions,  it  cannot  well  be  ex- 
pressed in  a  general  formula.  That  such  losses  are  not  exceptional, 
has  been  shown  by  Dr.  M.  Philips,*  who  found  in  the  waste-gases 
from  a  half-gas  furnace  more  than  9  per  cent,  of  carbon  monoxide, 
and  also  a  considerable  amount  of  hydrogen. 

Before  considering  in  detail  the  several  kinds  of  waste-gas  boilers, 
we  should  inquire  why  the  production  of  steam  is  relatively  the  sim- 
plest and  easiest,  and  also  commercially  the  most  profitable,  way  of 
utilizing  the  heat  of  such  gases.  The  other  ways  which  have  been 
proposed  are :  Preheating  the  charge ;  preheating  the  air  for  combus- 
tion ;  and  preheating  the  boiler-feed,  or  superheating  the  steam,  of 
boilers  directly  fired. 

The  preheating  of  the  charge  in  continuous  heating-furnaces  has 
been  mentioned  already ;  and  it  has  been  shown  that  there  is  a  prac- 
tical limit,  beyond  which  the  furnace  cannot  be  advantageously 
lengthened  for  this  purpose. 

The  heat  of  the  waste-gases  is  applied  satisfactorily  to  the  preheat- 
ing of  air  in  half-gas  furnaces,  and  of  air  and  gas  in  gas  furnaces. 

For  advantageous  preheating  of  the  boiler-feed,  the  difference  in 
temperature  between  the  escaping  gases  and  the  water  to  be  thus 
treated  is  too  great.  The  intensive  heating  of  an  ordinary  amount 
of  water  would  absorb  but  a  small  quantity  of  heat,  and  consequently 

■  Stahl  und  Eiun,  voL  xxxii.,  No.  1,  p.  13  (Jan.  4,  1912). 


OBNBRATIOK   OF   STBAM   BY   WASTE    HEAT   FROM   FURNACES.      2781 

a  large  quantity  of  heat  would  not  be  utilized,  unless  much  more 
water  were  preheated  than  is  called  for  in  such  establishments. 

It  would  be  easy  to  superheat  steam  by  means  of  the  waste  furnace- 
gases.  Not  to  mention  the  fact  that  the  economic  result  might  leave 
much  to  be  desired,  this  method  of  utilizing  the  hot  gases  is  open  to 
a  serious  objection,  namely,  that  the  operation  of  the  furnace  does 
not  uniformly  correspond  with  the  consumption  of  steam.  It  might 
happen,  for  instance,  when  the  engines  of  the  works  were  using  but 
little  steam,  that  what  they  received  would  be  too  hot ;  or,  on  the 
other  hand,  when  the  several  engines  happened  to  be  all  working  at 
once,  and  thus  taking  a  large  aggregate  of  steam,  it  might  not  be 
sufficiently  superheated. 

Yet  this  method  is  occasionally  practiced.  At  one  of  the  works  of 
the  U.  S.  Steel  Corporation  *  a  large  central  superheater  was  installed, 
for  raising  to  240^  C.  the  temperature  of  110,000  kg.  of  steam  per 
hour,  at  a  pressure  of  10  atm.  This  apparatus  received  the  waste- 
gases  from  four  ingot^heating  furnaces  and  superheated  the  steam  for 
four  roll-trains,  requiring  a  total  of  8,000  h-p.  "Whether  such  an  ar- 
rangement can  satisfactorily  utilize  the  heat  of  the  chimney-gases 
may  be  doubted,  especially  in  view  of  the  fact  that  in  superheating 
steam,  there  must  be,  to  secure  a  satisfactory  efficiency  per  unit  of 
heating-surface,  a  very  great  difference  of  temperature  between  the 
heat-giving  and  the  heat-receiving  material.  If  the  transfer  of  heat 
per  square  meter  of  heating-surface  is  large,  then  the  temperature  of 
the  gases  leaving  the  superheater  will  be  high — and  vice  versa. 

The  heat  of  waste  fumace-gases  can  be  most  economicaUy  utilized  in  the 
production  of  steam.  Steam  is  used  everywhere  and  always  in  metal- 
lurgical works.  Even  those  which  are  run  throughout  by  electric 
power,  derived  from  gas-engines,  are  provided  with  steam-boiler  plants 
at  least  as  a  reserve,  or  for  use  in  special  operations.  By  contribu- 
ting to  the  general  steam-conducting  system  the  steam  generated  by 
the  heat  of  waste-gases,  the  work,  and  therefore  the  fuel-consump- 
tion, of  the  directly-fired  boilers  is  diminished.  Moreover,  the  differ- 
ence of  temperature  between  the  hot  gases  from  the  furnace  and  the 
water  under  steam-pressure  in  the  boiler  is  about  the  same  as  be- 
tween the  flame  and  the  water  in  a  boiler  directly  fired,  so  that  the 
transfer  of  heat  will  be  as  satisfactory  in  the  former  case  as  in  the 
latter. 

One  objection  may  be  raised.  It  is  well  known  that  the  operations 
of  furnace  and  boiler  do  not  continuously  correspond.  The  times  of 
maximum  production  of  steam  by  means  of  the  furnace-gases  are  not 

*  Scientific  American  Supplement,  Sept  9,  1911,  p.  169. 
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always  those  of  the  greatest  consumption  of  steam  from  the  boiler. 
But  this  circumstance  will  very  eeldom  be  important  enough  to  im- 
pair the  economy  of  the  method.  For,  on  the  one  hand,  steam  is 
almost  always  in  use  somewhere  in  the  plant,  and,  on  the  other  haod, 
boilers  containing  a  considerable  quantity  of  water  are  quite  capable 
of  storing  temporarily  a  considerable  quantity  of  heat — especially 
when  (as  is  almost  always  the  case)  the  steam-pressure  is  below  the 
normal. 

It  may  be  added  that  in  modern  construction  the  proportion  of  size 
between  furnace  and  boiler  is  very  good,  so  that  the  two  can  exist 
side  by  side,  without  making  the  boiler  awkwardly  large.  A  com- 
parison of  the  heat  which  can  be  developed  by  1  sq.  m.  of  grate-sur- 
face with  that  which  can  be  taken  up  by  1  sq.  m.  of  boiler  heating- 
surface,  shows  that  the  boiler  need  be  only  about  as  large  as  the 
furnace,  or,  in  some  cases,  may  be  even  smaller. 

11.  Principles  Qoverning  the  Choice  of  a  Boiler-System. 

The  first  boilers  built  for  this  purpose  combined  economy  of  ground- 
space  in  the  works  with  the  direct  upward  discharge  of  the  spent 
gases.  The  vertical  cylinder-boiler  stood,  as  it  were,  in  the  enlarged 
lower  portion  of  a  chimney,  the  hot  gases  played  around  it  up  to  a 
given  height,  and  were  there  taken  up,  generally  by  two  diametric 
sheet-metal  flues,  at  the  side  of  the  boiler,  and  conveyed  away,  up- 
ward. The  vertical  cylinder-boilers  had  generally  a  diameter  of  from 
1  to  1.2  m.,  and  a  total  length  of  12  or  even  15  m. 

This  type,  often  employed  in  the  '60's  of  the  last  century,  had  two 
advantages :  (1)  it  occupied,  together  with  the  surrounding  masonry, 
only  about  6  to  8  sq.  m.  of  ground-space ;  and  (2)  its  chimney  was 
combined  with  it — a  welcome  feature  from  the  standpoint  of  furnace- 
management,  because  it  assured  the  complete  independence  of  each 
furnace.  This  form  of  boiler  presents,  however,  such  weighty  dis- 
advantages that  its  use  is  no  longer  seriously  considered.  A  very 
questionable  improvement,  was  the  vertical  flame-tube  boiler  of  Hall. 

Gradually,  the  consideration  of  ground-space  gave  way  to  that  of 
safety,  and  horizontal  boilers,  which  could  be  more  easily  shut  ofi, 
were  placed  behind  the  furnaces.  The  so-called  Bouilleur  boilers 
(cylinders,  with  one  or  more  boiling-tubes  [Sieder'\)  were  first  used,  and 
afterwards  came  fire-tube  boilers.  These  types  permitted,  through 
the  establishment  of  a  direct  connection  between  furnace  and  chim- 
ney, the  operation  of  the  furnace  with  the  boilers  cut  out  of  the  sys- 
tem ;  and  thus  assured  a  greater  safety.  The  development  of  heating- 
surface  easily  followed,  since  wide  limits  were  provided  for  it    The 
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degree  of  utilization — ia  other  words,  the  amount  of  steam  power 
produced — ^per  kilogram  of  furnace-coal  was  greatly  advanced  by  the 
use  of  the  fire-tubes ;  the  boilers  were  much  more  easily  served  and 
cleaned  than  the  vertical  ones ;  in  short,  this  would  have  been  recog- 
nized as  the  ideal  form  for  a  waste-heat  boiler,  if  it  had  not  demanded 
such  a  disproportionate  ground-space.  While  a  simple  puddling-  or 
heating-furnace  occupied,  say,  from  16  to  20  sq.  m.,  the  accompany- 
ing fire-tube  or  Bouillier  boiler  called  for  from  20  to  40  sq.  m.,  or 
almost  twice  as  much  as  the  furnace  itself. 

The  necessary  ground-area  is  smallest  when  the  boiler  is  placed 
over  the  furnace.  If  it  occupies  not  more,  or  not  much  more,  hori- 
zontal area  than  the  furnace,  the  question  of  space  retires  completely 
into  the  background,  and  the  furnace  can  be  designed  to  suit  the  con- 
ditions of  operation  with  a  freedom  previously  unknown,  since  fur- 
nace and  boiler  can  now  be  regarded  as  a  coherent  whole.  This  con- 
ception seems  to  have  taken  tangible  form  first  in  America,  where 
water-tube  boilers  were  placed  above  and  behind  puddling-furnaces. 
But  in  designing  such  overhead  boilers,  the  special  kind  and  opera- 
tion of  the  furnace  must  be  kept  in  mind.  A  furnace  within  which 
the  highest  temperatures  prevail  suffers  from  these,  or  through  the 
consequent  expansion  of  its  refractory  material,  certain  changes, 
which  the  strongest  armature  cannot  prevent.  These  movements 
or  changes  of  form  must  be  absolutely  kept  away  from  the  boilers 
above ;  otherwise,  the  position  of  the  boilers  would  be  altered  in  the 
course  of  time,  with  a  certain  lack  of  safety  in  operation  as  a  natural 
result.  Nor  should  it  be  forgotten  that  a  furnace,  according  to  the 
demands  made  upon  it,  will  have  to  be  rebuilt  much  sooner  than  a 
boiler,  even  when  the  latter  is  placed  over  it.  Though  furnace  and 
boiler  constitute  an  almost  indivisible  whole,  they  must  be  built  sepa- 
rately, so  that  changes  suffered  by  the  furnace  may  not  be  communi- 
cated to  the  masonry  of  the  boiler,  and  thus  to  the  boiler  itself.  This 
requirement  is  satisfied  by  mounting  the  boiler  upon  independent 
cast-  or  wrought-iron  columns,  placed  at  a  certain  distance  from  the 
furnace-buckstays.  The  use  of  these  boiler-columns  as  part  of  the 
armature  is,  for  the  reasons  just  given,  not  permissible.  They  can 
be  in  each  case  so  grouped  around  the  furnace  as  not  to  hinder  its 
operation.  In  many  instances  the  structure  thus  carrying  the  boiler 
may  serve  as  a  support  for  door-levers,  etc. 

The  question  of  total  height  for  furnace  and  boiler  plays  no  part 
in  modern  plants.  Even  in  extreme  cases,  the  highest  part  of  the 
boiler  would  be  scarcely  7  m.  above  the  furnace-fioor ;  whereas  the 
traveling-cranes  in  modern  works  run  on  a  still  higher  level. 
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The  relative  position  of  boiler  and  furnace  having  been  deter- 
mined, the  next  question  concerns  the  kind  of  boiler  which  will  in- 
volve the  least  interference  with  furnace-operations,  while  possessing 
the  maximum  technical  efficiency,  and  not  requiring  too  much  in  the 
way  of  attention  and  maintenance.  Of  the  various  boilers  claiming 
consideration,  we  may  name  the  fire-tube,  the  combined  fire-  and 
smoke-tube,  the  water-tube,  and  the  boilers  of  locomotive  and  loco- 
mobile form.  All  of  these  are  more  or  less  suitable  for  the  purpose 
in  view,  and  it  will  require  special  study  in  each  case  to  decide  which 
should  be  adopted. 

One  fundamental  difference  among  them  is,  that  the  flame-tube 
and  water-tube  boilers  require  to  be  set  in  masonry,  while  the  other 
types  named  can  do  without  it,  since  only  their  interior  surfaces  are 
played  upon  by  the  hot  gases.  In  consequence  of  this  masonry- 
setting,  boilers  of  the  first-mentioned  types  sometimes  seem  some- 
what large  and  clumsy,  as  compared  with  the  furnaces,  whereas  the 
boilers  which  have  interior  firing  exclusively  look  much  more  grace- 
ful and  small,  as  indeed  they  are,  since  they  have,  instead  of  the  thick 
masonry  setting,  a  sheet-metal  case  encircling  them  at  a  small  distance. 
Behind  this,  the  non-conducting  material  lies  upon  the  mantle  of  the 
boiler.  By  reason  of  the  smaller  size  of  this  type  of  boiler,  its  use 
affords  some  advantages  in  the  better  lighting  of  the  works. 

in.     Kbcbnt  Wastb-Gas  Boilers   for  Dirbctly-Firbd  Hbatixg- 

FURNACES. 

Fig.  1  shows  in  section  the  usual  arrangement  of  a  fire-tube  boiler 
above  the  furnace,  as  executed  by  the  Deutsche  Huttenbaugesell- 
schaft  (the  German  Furnace-building  Company).  The  hot  gases  from 
the  furnace  traverse  first  the  fire  tubes,  then  a  superheating  chamber, 
and  then  return  along  the  floor  and  on  both  sides  of  the  boiler,  to  be 
finally  conveyed  by  a  sheet-metal  flue  to  the  chimney. 

A  required  cutting-off  of  the  furnace  from  the  boiler  is  effected  by 
the  slide  5,  which,  in  a  properly  constructed  apparatus,  could  scarcely 
give  occasion  for  disturbance.  When  the  valve  is  closed,  the  hot 
gases  pass  from  the  furnace  through  the  opening  a.  Fig.  1,  into  a 
masonry  pier,  under  the  sheet-metal  flue,  and  through  this  to  the 
chimney-flue,  which  is  lined  for  a  short  distance  with  refractory 
material. 

Where  the  gas  or  flame  enters  the  fire-tube,  the  precaution  should 
be  taken  of  providing  the  first  section — say  from  1  to  1.6  m. — of  the 
latter  with  a  refractory  lining,  to  avoid  injury  to  the  boiler  from  im- 
pinging jets  of  flame. 
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Experimeots  covering  more  than  a  month  with  a  furnace  of  this 
kind,  built  for  a  rolIiDg-mitI,  gave,  according  to  the  above-named 
farnace^building  company,  the  following  resutts: 

HealiDg-value  of  the  coftl-miztare  in  iti  original  condition 6,192  h.  u. 

Heating- Tulue  of  the  coal-mizture  in  air-dried  conJitioD 6,763  h.  u. 

Heating-Burface  of  the  boiler SOiq.  m. 

Water  erapon ted  bj  1  kg.  of  coal  burned  on  the  grate. 2.71  kg. 

Arerage  evaporation  of  the  boiler  per  hour  for  1  sq.  m.  surface 12  kg. 

Coal-conmmption  for  100  kg.  of  pieces,  chsrgeii  cold 10.1  kg. 

Total  weight  of  piecea  charged  per  shift. 42,000  kg. 

Iq  order  to  determine  separately  the  parts  played  by  furnace  and 
boiler  in  utilizing  the  heat  from  the  coal,  each  mnet  be  considered  by 
itself. 


On  the  assumption  of  a  complete  combustion,  there  were  generated 
about  68,000  h.  u.,  of  which,  in  round  numbers,  100  X  0.168  X  1,100 
=  18,000  h.  u.  were  transmitted  to  the  pieces  heated.  The  utiliza- 
tion of  heat  in  the  furnace  was  therefore  about  26  per  cent,  while 
about  17,000  h.  u.,  or  25  per  cent.,  were  consumed  in  the  production 
of  steam.  The  total  heat> utilization  was  therefore  about  61  per  cent. 
These  figures  have  approximate  value  only,  since  the  temperature  of 
the  material  as  charged  and  as  withdrawn  was  merely  estimated. 

If  the  calculation  be  pursued  further,  and  10  per  cent,  of  CO^  be 
assumed  in  the  gas  at  the  end  of  the  boiler  (after  complete  combus- 
tion), it  is  found  that  there  is  a  loss  of  about  19  per  cent,  in  the  gases 
escaping  at  about  300'  C.  from  the  boiler.  Hence  the  loss  by 
radiation,  conduction,  and  unburned  residues  is  100  —  51  —  19  =  30 


2786       aBNSRATION    OF    BTEAM    BT    WASTE    HEAT    FROM    FURKACBS. 

per  cent.  That  ia  to  say,  the'  lose  hy  radiation,  cooductioD,  etc.,  for 
hoth  furnace  and  boiler,  is  30  per  cent.,  of  which  about  three-tourtbi 
is  to  be  charged  to  the  furaace,  and  one-fourth  to  the  boiler. 


The  furnace  in  Fig.  1  having  a  long  hearth  per  se,  there  ia  no  dis- 
crepancy of  size  between  furnace  and  boiler;  but  in  the  case  of  a 
smaller  furnace,  this  boiler  (a  2-fire-tube  boiler,  from  8  to  9  m.  long) 
would  seriously  over-balance  the  furnace,  or  else  the  boiler  would 
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have  to  be  shortened,  with  a  considerable  diminution  of  heating-sur- 
face. But  in  the  presence  of  a  large  quantity  of  gas  at  high  temper- 
ature, the  heating-surface  mu4t  be  correspondingly  large,  in  order  to 
convey  a  large  amount  of  heat  to  the  boiler-water.  This  circum- 
stance has  led  to  the  adoption  of  water-tube  boilers,  which  permit  for 
a  given  ground-area  a  great  development  of  heating-surface,  and  are 
adapted  to  the  highest  steam-pressures. 

Pig.  2  shows  the  combination  of  a  furnace  with  a  Diirr  water-tube 
boiler  placed  partly  over  and  partly  behind  it.  Since,  in  this  instance, 
the  available  space  was  not  sufficient  for  water-tubes  of  the  normal 
length  of  5  ra.,  it  was  determined  to  use  a  boiler  containing  several 
sets  of  tubes,  8  m.  long,  and  placed  over  one  another,  and,  moreover, 
to  provide  for  two  passes  only,  so  that  the  hot  gases  ascending  in  the 
first  pass  would  flow  along  the  superheating-pipes  (which  were  built 
into  the  masonry)  and  the  lower  part  of  the  boiler-mantle,  and  then 
return  downward,  around  the  bundle  of  water-pipes,  to  the  chimney- 
flue.  The  possibility  of  cutting  off  the  boiler  from  the  furnace  was, 
at  least  partly,  secured  in  this  arrangement  by  building  into  the  wall 
under  the  first  pass  a  Schlitz  sliding-plate  (a,  Fig.  2),  which,  during 
the  normal  operation  of  the  furnace,  is  protected  by  a  layer  of  sand 
from  the  direct  action  of  the  fire.  This  does  not  effect  a  complete 
separation  of  furnace  and  boiler ;  but  it  permits  the  waste-gases,  in 
case  of  need,  to  be  drawn,  under  the  first  pass,  directly  into  the 
chimney-main. 

Thorough  experiments  with  this  boiler  occupied  11  days,  during 
which  the  furnace  heated  by  day  the  pieces  for  the  rolling-mill 
(which  was  not  at  that  time  running  at  night).  During  the  night- 
shift,  the  furnace  was  merely  kept  warm.  The  measurements  and 
results  were  as  follows : 

Grate-area  of  the  furnace 1.9  sq.  m. 

Hearth-area  (width,  1.8  m.) 8.2  sq.  m. 

Batio  of  grate-area  to  heating-surface  of  boiler 1:48 

Coal -consumption  per  sq.  m.  grate-area  for  each  hour  of  the  work- 
ing period,  about 200  kg. 

Average  evaporation  per  sq.  m.  and  hour,  as  above 13  kg. 

Maximum  evaporation  per  sq.  m.  and  hour,  as  above 17  kg. 

Average  heating-  value  of  the  coal-mixture,  about. 4, 900  h.  u. 

Average  steam-pressure 5  atm. 

Average  steam  temperature 270°  C. 

Superheating 112°  C. 

Water  evaporated  by  1  kg.  coal 3.15  kg. 

Corresponding  heat  utilized  from  1  kg.  coal  in  evaporation,  about...  2,170  h.  u. 

Efficiency  of  the  boiler,  about 44  per  cent. 
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As  the  above  figures  show,  the  conditions  of  operation  with  this 
type  of  boiler-construction  were  very  favorable  to  a  high  effieienej. 
Bnt  the  union  of  furnace-  and  boiler-masonry  had  a  bad  effect,  caus- 
ing, in  the  latter,  cracks,  dislocations  and  bulges,  which  increastd 
the  frequency  of  necesBary  repairs.  Moreover,  the  longitudinal  back- 
stays of  the  furnace  left  much  to  be  desired. 

Fig.  3  shows  a  Diirr  boiler,  with  120  sq.  m.  of  boiler  heating  Bnr- 
face,  and  24  sq.  m.  of  heating-surface  in  the  superheater,  the  .whole 
supported,  upon  a  separate  frame  of  rolled  iron  above  a  large  ingot- 
heating  furnace,  the  hearth-area  of  which  is  about  10  sq.  m. 


These  boilers,  which  have  been  running  satisfactorily  for  about  six 
years,  produce  per  hour  per  square  meter  of  heating-surface  about 
11  kg.  of  steam  at  280°  C.  The  furnace-gases  enter  through  two 
openings  (a,  a.  Fig.  3)  to  the  boiler,  go  in  three  passes  over  the  water- 
tubes,  and  then  escape  into  the  atmosphere  through  a  aheet-metal 


OBNBRATIOS   OF   8TBAM   BY   WJt31B   HEAT   FEOM   FDRHACKS.      2789 

pipe  placed  between  two  boilere  and  carried  by  the  boiler-masonry. 
Any  necessary  shutting-off  of  boiler  from  furnace  is  made  possible  by 
&  fire-proof  chimney-flue  under  the  floor  of  the  works,  with  which 
the  openings  a,  a,  are  connected,  and  which  is  ordinarily  closed  by  a 
slide,  so  as  to  permit  the  normal  circulation  of  the  gases  to  the  boiler. 


Fio.  4. — Waste-Heat  Boiler,  DUkr  Type,  Over  Small  Hbatimo-Furnacb. 

Fig.  4  represents  a  Steinmiiller  boiler,  with  82.5  sq.  m.  of  heatiog- 
Burface,  and  provision  for  auxiliary  direct  firing,  carried  upon  a 
frame  over  a  small  heating-furnace.  According  to  the  builders,  this 
boiler,  heated  with  the  waste-gases  only,  produces  up  to  15  kg.  of 
eteam  per  square  meter  of  heating-surface,  per  hour.  "With  the  aid 
of  the  auxiliary  grate,  the  product  is  from  20  to  25  kg.  This  combi- 
nation of  gas-heat  with  direct  firing  is  no  doubt  due  to  the  desire  to 
get  as  much  steam  as  possible  out  of  the  boiler,  incidentally  utilizing 
the  heat  of  the  waste-gases,  and  also  diminishing  the  cost  of  the  in- 
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stallalion  per  unit  of  Bteam-productioD.  But  the  objection  caDnotbe 
disregarded,  that  a  separately  located  and  separately  heated  boiler 
costs  considerably  more  for  attendance  than  one  which  constitutes  a 
unit  in  a  battery. 


Pio.  5. — Oarbe  Waste-Heat  Boiler,  Combined  with  Revkkbekatobt  FcRKACt 

The  steeply  inclined  or  vertical  tubular  boilers  (Sldlrohrkess^,  so 
much  used  at  present,  are  well  adapted  for  the  utilization  of  waste- 
gases  from  furnaces  with  working-doors  on  the  side,  because  in  such 
cases,  the  boiler  can  be  built  directly  to  the  rear  end  of  the  furnace— 
the  requirement  of  floor-space  being  very  small.     Fig.  5  shows  a 
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Garbe  boiler  with  120  sq.  m.  of  heating-surface,  attached  to  a  reverb- 
atory  furnace,  as  built  by  the  Diisseldorf-Ratinger  tube-boiler  works.* 
The  boiler  shown  in  Fig.  6  was  built  without  a  superheater;  but 
there  would  be  no  difficulty  in  adding  one,  aB,  indeed,  the  same 
builders  have  done  in  other  cases. 

To  meet  the  most  frequent  requirement,  namely,  that  the  hook  of 
the  crane  must  be  brought  as  near  as  possible  to  the  furnace-door,  so 
as  to  facilitate  the  handling  of  the  heavy  ingots,  it  seems  advisable 
that  the  outer  edge  of  the  boiler  over  the  furnace  should  at  least  not 
project  beyond  the  furnace-armature.  Since,  for  water-tube  and  fire- 
tube  boilers,  the  surrounding  masonry  occupies  a  large  part  of  the 
available  width,  attention  is  naturally  drawn  to  the  saving  of  space  by 
the  use  of  boilers  which  do  not  need  masonry.  Such  tubular  boilers 
approach  the  locomotive,  locomobile,  and  marine  types. 

In  locomotive  boilers,  the  furnace-flue  enters  the  fire-box  from 
below,  so  that  the  heating-gases  go  directly  into  the  fire-box,  and 
thence  into  the  boiling-tubes.  In  accordance  with  the  nature  of  the 
locomotive  boiler,  the  gases  pass  through  it  in  one  direction,  and  es- 
cape through  a  sheet-metal  chimney,  which  branches  from  the  smoke- 
chamber  above  the  firing-door.  In  this  case,  the  boiler  can  be  shut 
off  from  the  furnace  only  when  there  is  a  second  flue,  leading  from 
the  main  furnace-flue  to  a  reserve  chimney-flue.  During  the  cleaning 
or  repair  of  the  boiler,  this  reserve  conduit  conveys  the  gases  to  a 
chimney,  which  may  serve  several  furnaces,  if  necessary.  But  all 
this  makes  the  design  costly  and  complicated.  Moreover,  it  must  not 
be  forgotten  that  the  locomotive  boiler,  by  reason  of  the  great  fric- 
tional  resistance  encountered  by  the  gases  in  passing  through  the 
usually  small  heating-tubes,  requires  a  strong  chimney  draft.  It  is 
therefore  advisable,  in  order  to  avoid  this  evil,  to  choose  heating- 
tubes  of  larger  diameter,  sacrificing  thereby  a  few  square  meters  of 
heating-surface. 

For  welding-furnaces  with  waste-gases  of  very  high  temperature, 
the  locomotive  type  of  boilers  is  not  well  adapted,  since  the  pointed 
flame  from  the  furnace  strikes  directly  upon  the  tube-walls,  and  might 
easily  make  them  leak.  This  type  is  likewise  unsuitable  where  only 
a  natural  chimney  draft  is  employed,  because,  when  the  furnace- 
doors  are  opened,  the  entrance  of  cold  air  tends  to  produce  leakiness 
of  the  tube-ends. 

Fig.  6  shows  a  boiler  once  designed  by  the  present  writer  to  be 

^  Such  boilers,  each  with  2  X  250  =:  500  3q.  m.  heating-surface,  were  built  in  1912  at  the 
'* Phoenix*'  works,  to  utilize  the  waste-gases  of  Martin  open-hearth  furnaces.  See  de- 
scription in  later  pages. 
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heated  by  farnace-gases.  It  is  a  variant  of  the  marine  boiler.  A 
short  vertical  flue  (usually  2  m.  long)  leads  the  gases  from  the  furnace- 
flue  into  a  corrugated  tube,  i,  lying  along  one  side  in  the  boiler. 
The  flrst  0.6  m.  of  this  tube  are  lined  with  refractory  material.  The 
gases  pass  through  the  vertical  flue  a  and  the  tube  6,  into  a  reversing 
chamber,  c,  in  which  a  superheater,  d,  may  be  advantageously  placed; 
and  from  this  chamber  they  pass  back  through  the  boiler  in  the  small 
boiling-tubes,  e,  which,  like  the  corrugated  tube,  lie  along  one  side. 
Finally  they  are  received,  at  the  end  at  which  they  entered,  in  a 
smoke-chamber, /,  of  thin  sheet>metal,  and  are  conveyed  at  a  greatly 
reduced  temperature  through  the  vertical  flue  g  to  the  subterranean 
chimney-flue  A.  To  make  all  parts  of  the  boiler  accessible,  the  super- 
heating coils  are  placed  in  the  reversing-chamber  opposite  the  cor- 
rugated pipe,  so  that  when  it  is  necessary  to  tighten  up  the  smoke- 
pipes,  or  clean  them  from  soot,  they  can  be  easily  reached  from  both 
sides  after  the  corresponding  doors  have  been  opened.  The  inside 
of  the  corrugated  tube  itself  is  accessible  through  the  door  A,  which 
has  a  peep-hole,  L 

A  direct  connection  of  the  main  flue,  a,  with  the  flues  g  and  A  is 
established  by  breaking  through  the  thin  wall  m.  separating  a  from 
g.  When  this  is  done,  the  furnace-gases  will  be  drawn  through  <7 
and  A  into  the  chimney,  without  touching  the  boiler  at  all.  The  in- 
troduction of  valves,  etc.,  for  this  purpose  was  avoided,  because  they 
would  not  have  endured  the  high  temperature  which,  at  one  point  in 
the  main  flue,  often  melts  the  refractory  lining.  It  should  be  added 
that,  in  later  constructions  of  this  type,  the  boiler  rests  upon  a  grating 
of  beams,  carried  by  six  wrought>iron  columns.  Since  the  tempera- 
tures in  the  corrugated  tubes  are  much  higher  than  in  the  small 
tubes  near  it,  care  must  of  course  be  taken  that  the  latter  do  not  be- 
come loosened  in  the  tube-walls  through  expansion  and  contraction. 
This  consideration  affects  the  design  of  the  corrugated  tube  and  the 
length  adopted  for  the  small  tubes.  Boilers  of  this  type  have  been 
erected  in  considerable  numbers  at  various  works,  and  have  run  sat- 
isfactorily for  several  years. 

Fig.  7  shows  a  modification  of  the  type,  in  which  the  gases  finally 
escape  through  a  sheet-metal  chimney  over  the  boiler.  A  direct  con- 
nection between  furnace  and  chimney  can  be  easily  effected  in  this 
case,  as  in  the  preceding.  It  is  only  necessary  to  line  both  the  smoke- 
chamber  and  the  chimney  with  refractory  material,  and  then  to  provide 
either  a  sliding  cut-off  or  a  removable  separating  wall,  as  shown  in 
Fig.  6. 

Experiments  conducted  upon  a  boiler  about  like  that  of  Fig.  6, 
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through  45  days  (90  shifts)  of  the  running  of  the  heating-furnace  on 
small  forgings,  gave  the  following  results : 

Grate-area  of  the  heating-furnace 1.2  sq.  m. 

Hearth-area  (width,  1.3  m.) 4.0  sq.  m. 

Distance  from  mid-hearth  to  beginning  of  fire-tubes 6.5  m. 

Length  of  connecting  flue  between  furnace  and  fire-tubes 2.5  m. 

Total  length  of  furnace 6.2  m. 

Total  width  of  furnace 1.8  m. 

Heating-surface  of  boiler 61.0  sq.  m. 

Heating-surface  of  superheater  in  smoke-chamber 5.6  sq.  m. 

Proportion  of  furnace  grate-area  to  boiler  heating-surface 1:51 

Total  length  of  boiler. 5.25  m. 

Diameter  of  boiler 1.7  m. 

Diameter  of  flame-tube 0.7  to  0.8  m. 

Consumption  of  coal  in  45  days  (9  shifts) 234  metric  tons. 

Consumption  of  coal  per  hour,  about 217  kg. 

Consumption  of  coal  per  hour  per  sq.  m.  grate-surface,  about 181  kg. 

Consumption  of  coal  per  hour  per  sq.  m.  boiler  heating-surface, 

about 3.56  kg. 

Amount  of  water  evaporated  during  experiments 594  met.  tons. 

Amount  of  water  evaporated  per  hour. 550  kg. 

Amount  of  water  eyaporated  per  hour  per  sq.  m.  boiler  heating- 
surface,  about 9.0  kg. 

Amount  of  water  evaporated  by  1  kg.  coal 2.54  kg. 

Average  steam-pressure 5.7  atm. 

Average  temperature  of  superheated  steam: 310^  C. 

Superheating 148°  C. 

Temperature  of  boiler  feed-water,  about 20°  C. 

Quantity  of  heat  transmitted  to  1  kg.  superheated  steam,  about....  710  h.  u. 

Quantity  of  heat  consumed  in  steam-production  from  combustion 

of  1  kg.  coal 1,800  h.  u. 

Ayerage  heating-value  of  coal  consumed. 5,100  h.  u. 

Hence,  proportiou  of  heating- value  utilized  in  making  steam, 

about 35  per  cent. 

Temperature  of  waste-gases  escaping  from  boiler,  about 320°  C. 

In  another  experiment,  lasting  only  through  three  shifts,  an  evapora- 
tion of  2.85  kg.  water  per  kilogram  of  coal  was  reached.  This  would 
be  a  utilization  of  nearly  40  per  cent.  It  should  be  observed  that 
these  experiments  were  made  upon  a  boiler  somewhat  too  small  for 
the  furnace,  on  which  account  the  results  are  not  particularly  re- 
markable. Most  of  the  boilers  afterwards  erected  of  this  or  similar 
type  had  about  80  sq.  m.  of  boiler  heating-surface,  and  from  10  to  12 
sq.  m.  of  heating-surface  in  the  superheater,  with  which  dimensions 
a  steam-temperature  of  400^  C.  was  often  attained,  under  favorable 
conditions  of  furnace-operation. 

Among  the  chief  advantages  of  this  type  of  boiler  are  its  small 
space-requirements,  easy  adaptation,  and  total  freedom  from  masonry. 

In  case  of  a  great  fall  in  temperature  but  a  comparatively  small 
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quantity  of  heat,  which  would  not  warrant  the  buitding  of  a  boiler, 
the  heat  of  the  escaping  gases  can  be  utilized,  if  the  loealifv  be  suit- 
able, and  the  need  sufficient,  in  a  superheater,  placed  behind  or  (very 
easily)  over  the  furnace.  The  steam -temperature  can  then  be  regu- 
lated in  a  highly  simple,  though   not  economical,  fashion,  by  admit- 
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Fio.  7. 
FiG9.  6  AND  7.— Wastb-Heat  Boilers  Appboacrino  the  Marine  Ttpb. 

ting  air  into  the  superheater  through  two  boles  in  the  masonry.  This 
strongly  cools  the  hot  gases,  and  correspondingly  lowers  the  steani- 
temperature. 

As  a  general  rule,  however,  when   the  heating  surface  has  been 
properly  determined,  such  special  means  of  regulation  are  not  re- 
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quired,  since  the  quaDtity  rather  than  the  temperature  of  the  chim- 
ney-gases is  likely  to  vary. 

That,  moreover,  the  utilization  of  the  hot  gases  in  preheaters  may 
be  advisable  even  when  their  temperature  is  considerably  below 
600°  C,  is  shown  in  Fig.  8,  which  represents  such  an  arrangement, 
applied  to  the  waste-gases  from  the  boiler-plant,  as  well  as  from  four 
sheet-heating  furnaces.  This  plan  works  satisfactorily,  and  up  to 
expectation. 

An  inquiry  addressed  to  several  works  using  hot  waste-gases  under 
boilers  established  the  following : 
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Fio.  8.— Pbehbjlters  Connected  with  Sheet-Heatino  Furnaces. 


Precise  tests  of  efficiency  had  been  made  almost  nowhere,  so  that 
only  partial  reports  of  the  results  of  practice  accumulated  in  the 
course  of  time  were  available.  But  these  reports  were  more  valuable 
for  the  expert  operator  than  the  figures  obtained  by  any  special  tests. 
They  showed  in  general,  that  with  puddling-furnaces,  from  2.5  to 
3.5  kg.  of  steam  per  kilogram  of  coal  were  generated  under  boilers 
having  from  40  to  80  sq.  m.  of  heating-surface — the  quantity  of  steam 
produced  per  square  millimeter  per  hour  being  from  10  to  15  kg. 

With  the  gases  from  welding-furnaces,  boilers  having  up  to  130  sq. 
m.  of  heating-surface  produced  from  7  to  12  kg.  of  steam  per  square 
meter  per  hour,  representing  from  8.5  to  5.5  kg.  of  steam  per  kilo- 
gram of  coal.  Of  course  these  figures  are  subject  to  great  variation, 
according  to  the  amount  of  material  heated  in  furnace  per  unit  of 
time,  the  nature  of  this  material  (ingot-iron  or  wrought-iron),  and  its 
condition  (hot  or  cold)  when  charged.  Upon  the  production  of  steam 
per  square  meter  of  heating-surface  per  hour,  the  size  of  the  boiler 
also  has  an  effect. 
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In  the  operation  of  heatingfurnaces  for  hammers,  and  especiallv 
also  in  farnaces  heating  thin  sheets,  it  is  advisable  to  introdaee  fresh 
air  (preferably  preheated)  into  the  gases  before  or  in  the  boUer,  in 
order  to  effect  the  combustion  of  still  unburued  gas,  and  thus  increase 
the  steam-production. 

A  similar  use  of  the  hot  waste-gases  from  zinc-f arnaces  has  been 
introduced  very  recently,  and  promises  to  receive  a  rapid  extension, 
the  results  so  far  having  been  very  satisfactory,  indicating  an  increase  of 
from  15  to  20  per  cent,  in  the  utilization  of  the  coal.  In  the  cement- 
industry,  the  recently  adopted  revolving  tube-furnaces  permit  the  use 
of  boilers,  located  behind  them,  for  this  purpose.  The  glass-manu- 
facture has  long  utilized  in  the  same  way  the  waste-heat  of  its  fur- 
naces, even  installing,  for  the  preheating  of  water,  apparatus  which 
employs  only  the  radiant  heat  of  the  furnace-arch. 

The  foregoing  discussion  shows  that  the  utilization  of  the  hot 
chimney-gases  from  directly-fired  reverberatory  furnaces  is  in  very 
many  cases  practicable,  and  in  not  a  few  cases  highly  economical. 

IV.  The  Utilization  of  Waste  Heat  from  Regenerative 

Furnaces. 

This  department  of  the  subject  is  incomparably  more  important 
than  the  preceding,  because  the  number  and  the  size  of  the  Siemens- 
Martin  furnaces  are  so  much  greater  than  those  of  the  heating-fur- 
naces for  rolling-mills  and  hammer-forges  described  above. 

In  regenerative  furnaces,  there  is  already  a  partial  utilization  of 
waste  heat  for  preheating  gas  and  air ;  but  its  principal  purpose  is  to 
raise  the  combustion-temperature  in  the  hearth  by  raising  the  tem- 
perature of  the  entering  gas  and  air;  the  recovery  of  heat  thus 
effected  is  not  very  great,  compared  with  the  amount  which  still 
escapes  unused ;  and  it  is  therefore  worth  while  to  inquire  whether 
a  saving  of  further  heat,  which  would  otherwise  escape  to  the  chim- 
ney, can  be  effected  without  injury  to  the  operation  of  the  Martin 
furnaces. 

The  quantity  of  heat  escaping  at  present,  for  the  most  part  without 
hindrance,  from  these  furnaces  is  very  large — about  80  per  cent  of 
the  total  heat  employed  (according  to  Professor  Mayer's  experiments, 
29  per  cent. ;  according  to  Springorum,  32  per  cent.  These  figures 
come  from  well-managed  works,  so  that  30  per  cent  as  an  average 
is  not  too  high). 

To  these  losses,  due  to  the  high  temperature  of  the  escaping  gases, 
is  to  be  added  another,  caused  by  radiation  in  the  furnaces  and  cham- 
bers, which  may  be  estimated  at  40  per  cent.     From  these  figures  we 
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may  deduce  approximately  the  economic  effectiveness  of  such  furnaces. 
Pfoser  in  Achern  has  attempted  to  utilize  in  part  the  radiant  heat 
of  a  furnace  arch,  as  shown  in  Fig.  9,  which  represents  such  an  ar- 
rangement for  preheating  water,  placed  over  the  arch  of  a  glass-fur- 
nace. This  preheater  has  about  10  sq.  m.  of  heating-surface,  and 
consists  of  a  coil  of  pipe,  over  the  furnace-arch,  through  which  the 
water  passes.  With  glass-furnaces,  where  this  method  of  preheating 
has  been  considerably  used,  it  has  been  found  to  transfer  about  800  to 
500  h.  u.  per  square  meter  of  heating-surface.  This  cannot  be  called 
a  very  great  success,  but  it  makes  a  beginning;  and  it  remains  to  be 
seen  whether  a  better  way  of  recovering  the  radiant  heat  may  not 
soon  be  attained.     Meanwhile,  the  placing  of  a  coil  full  of  water  on 


Fig.  9. — Pbbhevteb  for  Water,  Utilizing  the  Radiated  Heat  of  the  Arch 

OF  A  Glass-furnace. 


the  top  of  a  furnace-arch  is  rather  a  ticklish  business ;  and  many  a 
manager  would  not  risk  it.  Much  easier  and  simpler  is  the  recovery 
of  heat  from  the  waste-gases,  as  described  below. 

The  average  temperature  of  the  escaping  gases  of  the  open-hearth, 
according  to  numerous  determinations  at  various  works,  is  about  700° 
C,  or  from  200°  to  800°  below  that  of  the  heating-furnace  gases  con- 
sidered in  the  earlier  parts  of  this  paper.  Hence  we  have  to  reckon 
with  a  somewhat  smaller  possible  recovery,  inasmuch  as  the  transfer 
of  heat  through  heating-surfaces  will  be  smaller.  Yet  such  a  recovery 
is  not  only  practicable  but  profitable,  because  the  quantities  of  gas 
upon  which   it  is  carried  oat  are  almost  always  very  large. 

Prof.  Dr.  Mayer  found  in  his  experiments  upon  the  heat-economy 
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of  the  Martin  furnace  that  during  the  production  of  1,000  kg.  of 
steel  667,000  h.  u.  escape  in  the  hot  waste-gases.  The  investigadons 
of  Mackenzie  on  an  entirely  different  and  differently  operated  furnace 
gave  a  loss  of  1,000,000  h.  u.  In  both  cases  the  temperature  of  the 
waste  gases  was  700°  C. 

Of  course  it  would  be  impossible  to  recover  in  any  way  the  whole 
of  this  heat.  After  treatment,  the  gases  would  always  escape  at  last 
at  some  temperature  or  other ;  and,  moreover,  every  transfer  of  heat 
involves  some  loss. 

To  be  perfectly  safe,  and  to  reach  values  which  can  be,  with  cer- 
tainty, verified  in  practice,  we  shall  use  the  somewhat  unfavorable 
figures  given  by  Mayer. 

But  first  we  must  consider  certain  characteristic  conditions  of  the 
Martin  process  itself,  in  order  to  avoid  the  great  mistake  of  proposing 
any  method  which  would  react  injuriously  upon  that  process. 

The  first  requirement  is  that  for  a  given  heating  surface  the  boiler 
should  be  as  small  as  practicable,  in  order,  on  one  hand,  to  permit  its 
installation  where  available  space  is  limited,  and,  on  the  other  hand^ 
to  reduce  to  a  minimum  the  loss  through  radiation  and  conduction. 

Furthermore,  the  construction  and  operation  of  the  boiler  should 
be,  if  possible,  such  that  no  interruption  for  the  purpose  of  cleaning  it 
will  be  required  during  the  entire  furnace-campaign  of  from  250  to  350 
days.  This  requirement  can  be  met  by  the  use  of  pure  water  (sur- 
face-condenser water),  and  by  such  a  construction  as  will  permit  out- 
side cleaning  of  the  boiler  during  operation. 

The  construction  should  also  be  such  that  occasional  explosions, 
occurring  when  valves  are  reversed,  will  not  injure  the  boiler.  This 
condition  is  fulfilled  by  making  the  boiler- structure  of  a  large  number 
of  single  elements,  with  large  open  areas  between  them,  so  that  the 
pressure  from  an  explosion  may  pass  through  without  doing  harm. 
Moreover,  these  single  elements  must  be  able  to  resist  occasional 
gas-puffs. 

For  this,  as  well  as  the  first-named  reason,  boilers  holding  a  large 
amount  of  water  are  out  of  the  question. 

Finally,  the  boiler,  which  is  placed  in  the  chimney-flue  of  the 
Martin  furnace,  must  not  present  too  great  a  resistance  to  the  passage 
of  the  waste-gases.  The  reason  for  this  requirement  is  not  alone  that 
the  draft  might  be  injured,  and  the  chimney  might  prove  inadequate; 
for  the  chimney  does  not  play  so  very  important  a  r61e  when  artificial 
draft  is  at  hand.  The  chief  reason  is,  that  the  pressure  from  a 
possible  explosion  should  pass  between  the  single  members  of  the 
boiler-structure,  without  injury  to  the  boiler. 
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The  obvious  requirements,  that  the  boiler  should  not  require  too 
much  attendance  and  maintenance ;  that  safety  of  operation  should 
be  secured;  and  that  the  cost  of  installation  should  not  be  too  great 
— need  only  be  mentioned  in  passing. 

All  these  requirements  together  can  be  met  by  a  boiler,  the  ele- 
ments of  which  are  made  of  water-tubes ;  for,  in  the  first  place,  such 
boilers  combine  large  heating-surface  with  small  bulk,  and  can  be 
operated  in  a  given  case  with  small  contents  of  water ;  secondly,  the 
outside  cleaning  of  such  heating-surfaces  is  easily  performed,  if  neces- 
sary, while  the  boiler  is  running;  thirdly,  the  third  and  even  the 
fourth  requirement  above  stated  can  be  satisfied  by  a  suitable  arrange- 
ment of  the  tubes ;  and  fourthly  and  lastly,  such  heating-surfaces  are 
comparatively  inexpensive,  and,  when  design  and  shop  work  are  good 
and  solid,  are  highly  safe  against  interior  and  exterior  pressure. 

In  a  boiler  for  the  utilization  of  the  hot  chimney-gases  of  Martin 
furnaces  in  the  production  of  steam,  we  distinguish  the  boiler  proper, 
the  superheater,  and  the  preheater. 

It  is  well  to  place  the  superheater  before  the  boiler,  or  at  least  at 
the  beginning  of  the  draft,  and  the  preheater  behind  the  boiler.  In 
calculating  the  necessary  heating-surfaces,  it  seems  best  to  begin  with 
the  preheater,  then  to  calculate  for  the  superheater,  and  to  end  with 
the  calculation  for  the  boiler.  In  my  book.  Die  Abhitzkesselj  I  have 
given  such  calculations  for  a  30-ton  Martin  furnace,  assuming  an 
hourly  steam-production  of  2,000  kg.  The  several  heating-surfaces 
were :  preheater,  125  sq.  m. ;  superheater  (250°  C.  steam-tempersr 
ture),  10  sq.  m. ;  boiler,  200  sq.  m. 

But  since,  after  utilization,  the  gases  would  be  so  cool  that  the 
chimney-draft  could  not  overcome  the  increased  resistances,  it  is  self- 
evident  that  such  utilization  is  practicable  only  when  natural  draft  is 
not  relied  upon,  but  the  cooled  gases  are  moved  by  an  exhaust-fan. 

This  would  require  in  the  case  named  a  theoretical  expenditure  of 
6.4  h-p.  But  in  view  of  the  comparatively  low  efficiency  of  fans  of 
this  size  I  have  assumed  for  safety  as  required  to  draw  off  the  chim- 
ney-gases, 40  h-p. — which  would  represent  a  fan-efficiency  of  less 
than  20  per  cent. 

The  calculation  of  profit  from  such  an  installation,  costing  36,000 
marks,  is  as  follows : 

Average  Bteel  prodacdon  per  hour. 6,166  kg. 

Steam-prodactio]]  from  340  sq.  m.  aggregate  headng-Burfaces  of  at- 
tached boiler,  in  terms  of  steam  at  10  atm.  and  250°  C 2,000  kg. 

Work  of  fan  per  hoar. 40  h-p. 

Cost  of  plant,  including  fan 36,000  marks. 
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Assuming  the  works  to  contain  six  f  arnaces,  of  which  live  are  con- 
stantly in  operation,  we  shall  have  : 

Cost  of  the  boiler-plaat 216,000  marks. 

1.  Amortization,  10  per  cent,  and  interest,  5  per 

cent 32, 400  marks. 

2.  Attendance  and  repairs 7,600  marks. 

8.  Cost  of  power,  5  X  40  =  200  h-p.  at  4  pfennige 

for  1  kw-hr 60,000  marks. 

Total  annual  costs 90,000  marks. 

Since  in  the  five  units  10,000  kg.  of  steam  are  produced  hourly,  or 
240,000  kg.  daily,  or,  in  round  numbers,  77,000  metric  tons  per 
annum,  the  cost  of  this  steam  is  about  1.20  marks  per  1,000  kg. 

If  we  now  consider  the  work  done  with  this  steam  through  a  Bteam- 
turbine,  we  find  that  at  the  rate  (including  all  losses)  of  7  kg.  of  steam 
per  kilowatt-hour,  the  10,000  kg.  produced  hourly  will  generate  about 
1,400  kw-hr.,  of  which  (150  kw-hr.  being  deducted  for  the  driving  of 
fans,  etc.)  1,250  kw-hr.  per  hour,  or  80,000  per  day,  or  say  9,000,000 
per  year,  remain  available,  at  a  cost  of  40,000  marks  for  steam- 
generation  and  40,000  for  the  turbine-plant,  or  80,000  marks  total 
annual  cost.  In  other  words  this  electrical  energy  is  obtained  for 
less  than  1  pfennig  per  kilowatt-hour. 

No  other  way  of  producing  electrical  energy  can  show  a  lower  cost 
Even  water-power,  favorably  located  and  unfailing  in  adequate 
supply,  is  seldom  so  cheap,  if  the  amortization  of  the  plant  be  pro- 
vided for  at  about  the  rate  assumed  in  the  foregoing  example. 

It  must  be  noted  also,  that  the  generation  of  electric  energy  in  the 
works — ^that  is,  in  the  place  where  it  is  to  be  used — is  independent  of 
the  season  or  weather.  A  given  production  of  steel  gives  a  corre- 
sponding, and  (apart  from  minute  variations)  almost  uniform  quantity 
of  energy  in  this  form. 

It  is  praiseworthy  to  try  to  make  use  of  the  water-powers  of  which 
so  many  are  still  neglected ;  but  the  falls  of  temperature  which  occur 
before  our  eyes  deserve  our  attention  likewise,  since  they  are  easier  to 
appropriate,  possess  more  constant  strength,  do  not  need  long  lines  of 
transmission,  and  can  therefore  be  made  available  at  smaller  expense 
of  installation.  Moreover,  the  utilization  of  these  great  temperature- 
falls  in  large  steel-works  recovers  enormous  quantities  of  heat,  other- 
wise wasted. 

Further  results  of  calculation  are  graphically  shown  in  Fig.  10. 

Thus  far,  only  the  theoretical  determination  of  the  heating-surface 
areas  and  the  probable  costs  and  profits  have  been  considered.    The 
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records  of  actual  practice  with  waste-heat  boilers  attached  to  Martin 
furnaces  are  likewise  interesting. 

In  the  Duisburg  steel-works  of  the  Phoenix  Co.,  five  such  boilers 
were  erected  last  year  behind  Martin  furnaces,  and  put  in  operation; 
and  thorough  tests  were  made  under  the  direction  of  the  Imperial 
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Fig.  10. — Diagram  Showing  Heating-Subfacb  and  Cost  (Includ- 
ing Interest  and  Amortization)  of  Producing  1000  kg.  op 
Steam  at  10  atm.  and  250°  C,  for  Various  Temperatures  of 
THE  Entering  Gas  and  an  Assumed  Gas-Production  of  2000 
KG.  Per  Hour. 
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'Secemary  PreheatiDg  Surface  in  sq.  m. 

Necessary  Boiler  Heating  Surface  in  sq.  m. 

Necessary  Superheating  Surface  in  sq.  m. 

Cost  of  1000  kg.  steam,  with  an  electiic  power  price  of  4  pfennig 

per  kw-hr. 
Cost  of  1000  kg.  steam,  when  the  electric  power  driving  the  fans  is 

furnished  by  the  plant  itself.     This  curve  shows  therefore  the 

steam-cost  proper. 
Steam-production  per  sq.  m.  of  total  heating-surface. 

German  Steel  Works.  From  the  report  of  these  tests  by  Chief  Engi- 
neer J.  Schreiber,  which  was  published  this  year  in  Stahl  undU  Eisen^ 
I  present  here  only  the  average  figures  of  a  series  of  experiments,  last- 
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ing  through  20  shifts,  apon  a  boiler  erected  behind  a  50-ton  furnace 
(No.  4). 

Average  temperature  of  boiler  feed-water,  aboat 20°  C 

Average  temperature  of  gases  entering  boiler,  about 700°  C 

Average  temperature  of  gases  leaving  boiler,  about 350°  GL 

Temperature-fall  of  gases  in  boiler,  about. 350°  C 

Average  steam-pressure  in  boiler. 7.5  atm. 

Consumption  of  current  in  operating  fan  per  hour 67  kw. 

Product  of  steel  during  experiment 2,000  met  toiu. 

Product  of  steel  per  hour. 8.3  met  tons. 

Coal  consumption  per  ton  of  steel  made 234  kg. 

Evaporation  per  sq.  m.  heating-surface  (without  preheating) 7  kg. 

Steam-production  per  ton  of  coal 1,842  kg. 

Steel-production  per  ton  of  coal 449  kg. 

Heating-surface  of  boiler 500  sq.  m. 


500'         000"         000 
KiG.   11. 


700*    C. 


The  great  economy  of  such  a  utilization  of  waste  heat  appears  very 
clearly  from  this  statement,  especially  if  it  be  considered  that,  even 
in  this  first  undertaking  of  the  kind,  not  the  least  injurious  effect  of 
the  boiler  upon  the  operation  of  the  furnace  was  noticeable. 

Finally,  Fig.  11  exhibits  graphically  a  comparison  between  the 
cost  of  100  kg.  of  steam  produced  directly  by  coal  combustion  and 
the  corresponding  cost  of  production  by  means  of  the  waste  heat  in 
Martin  furnace-gases.  In  this  diagram,  the  horizontal  lines  give  the 
cost  of  100  kg.  of  steam  from  direct  combustion,  according  to  the 
varying  prices  of  coal,  while  the  curve  shows  the  cost  of  the  same 
quantity  of  steam  produced  from  waste-gases  of  different  tempera- 
tures, as  shown  along  the  bottom  line.     The  dotted  horizontal  line 
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next  above  shows  the  approximate  proportion  of  the  total  cost  re- 
quired in  the  use  of  directly-heated  boilers  to  cover  interest,  amorti- 
zation,  and  labor.  The  costs  are  given  on  the  left,  in  marks  and  deci- 
mals, the  interval  being  0.20  mark. 

The  intersections  of  the  horizontal  lines  by  the  curve  mark  the 
limit  of  economy  in  utilizing  the  waste-gases.  It  will  be  seen  that 
this  limit  is  extended  in  proportion  as  the  temperature  of  the  waste- 
gases  or  the  price  of  coal  is  increased. 
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DISCUSSION  OP  THIS  PAPER  IS  INVITED.  It  ahoald  proferably  be  preeented  in  person  at  & 
meeting  of  the  Institute.  If  this  is  Impossible,  then  discussion  in  writing  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  Engineers,  29  West  89th  Street,  New  York,  N.  Y.  Unless  special  arrange- 
ment la  made,  the  discussion  of  this  paper  will  close  Feb.  1, 1914. 


Grain  Growth  in  Silicon  SteeL 

BY  W.  E.  RUDER.  SCHENECTADY.  N.  Y. 
(New  York  Meeting.  October,  1913.) 

It  has  been  pointed  out  by  Stead^  that  grains  of  considerable  coarse- 
ness may  be  developed  in  steels  containing  from  3  to  5  per  cent,  of  silicon, 
and  in  a  previous  paper^  the  present  author  has  shown  that  under  the 
proper  conditions  of  annealing  single  grains  having  an  area  of  50  sq.  cm. 
may  be  obtained. 

It  is  the  purpose  of  this  paper  to  discuss  in  more  detail  the  conditions 
promoting  the  growth  of  these  grains,  in  the  hope  that  the  experiments 
described  may  throw  some  additional  light  upon  the  general  problem  of 
grain  growth  in  metals. 

These  silicon  steels  lend  themselves  particularly  well  to  such  experi- 
ments because  of  the  ease  with  which  the  change  in  structure  may  be 
followed  and  because  of  the  fact  that  the  effect  of  the  carbon  present  is 
largely  obliterated  by  the  high  percentage  of  silicon.  This  forms  a  solid 
solution  with  the  iron,  which  acts  very  much  like  a  pure  metal.  This 
alloy  has  been  found  to  have  but  one  critical  point,  viz.,  Ars.  This  point, 
determined  by  Roberts-Austen  for  Hadfield's  4  per  cent.  Si  alloy,  was 
found  to  lie  at  703**  C.  Vigouroux*,  in  working  with  pure  Fe-Si  alloys, 
finds  this  point  to  rise  from  750**  C.  for  0.5  per  cent.  Si  to  860°  for  6  per 
cent,  alloy,  with  a  flat  region  in  the  curve  from  3  to  4  per  cent.  Si.  No 
accurate  determination  of  this  point  has  been  undertaken  by  the  present 
author,  but  it  has  been  roughly  determined  to  lie  between  730°  and  750°. 

In  the  preliminary  experiments,  some  of  which  have  been  described 
in  a  previous  paper,  it  was  found  that  practically  all  of  these  steels,  when 
annealed  to  1,200°  C.  or  higher,  showed  grains  of  comparatively  large 
size.  These  grains  varied  in  size,  however,  from  about  4  sq.  mm.  to  50 
sq.  cm.  (see  Figs.  1  and  2)  under  the  same  conditions  of  anneal,  and  it 
was  for  the  purpose  of  determining  the  cause  of  this  difference  in  size 
that  the  experiments  herein  described  were  undertaken. 

From  a  preliminary  study  of  the  chemical  composition  of  the  specimens 


^  MetaUoaraphUt,  vol.  i,  No.  4,  pp.  289,  325  (Oct.,  1898). 

'  Journal  of  Industrial  and  Engineering  ChemistrVy  vol.  v.  No.  6,  pp.  452  to  45& 
(June,  1913). 

'Comptes  renduSf  vol.  clvi,  pp.  1374  to  1376  (1913). 
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it  "W[as  found  that  the.  carbon  (which  varied  from  0.01  to  0.06)  had  appar- 
ently no'  effect  whatever  upon  the  grain  size.  Those  specimeiis  containiiig 
about  3.25  p^r  cent.  Si  had  the  largest  grains,  but  these  were  of  yrery 
irregular  shape.  Specimens  containing  8.75  per  cent,  or  more  had  grains 
of  very  regular  shape,  so  called  "equi-axed,"  and  varying  in  size  from 
4  sq.  mm.  to  3  sq.  cm.  It  so  happened  that  the  3.25  per  cent.  si>ecimen 
ran  a  little  higher  in  manganese  and  phosphorus  than  the  others,  and  it 
may  be  that  this  has  some  influence  in  forming  the  large  grains,  but  this 
has  not  been  determined.  In  fact,  no  effort  has  yet  been  made  to  deter- 
mine the  exact  influence  of  the  silicon  content  or  of  any  of  the  impurities. 
The  3.25  per  cent,  alloy  was  used  in  all  of  the  following  experiments,  so 
that  the  question  of  composition  may  be  set  aside  for  the  time  being. 

The  complete  analysis  is  here  given:  C,  0.05;  Mn,  0.15;  P,  0.038;  S, 
0.026;  Si,  3.24  per  cent. 


The  Injhience  of  Annealing. 

For  most  of  the  work  no  special  polishing  was  required — simply  smooth- 
ing up  with  No.  0  emery,  after  removing  the  scale,  and  etching  with  HNOj. 
A  rapid  etching  was  obtained  by  using  concentrated  HNOj  and  alter- 
nately dipping  and  washing  the  samples,  allowing  them  to  remain  in 
the  acid  only  a  fraction  of  a  second  at  a  time. 

All  of  the  annealing  experiments  were  carried  out  in  tube  furnaces, 
in  a  stream  of  pure  dry  hydrogen,  to  prevent  oxidation,  and  the  time 
given  represents  the  tim^  at  temperature,  not  including  heating  and 
cooling. 

As  received  from  the  mill,  the  material  has  the  well-known  fibrous 
structure  shown  in  Fig.  3  (90  diameters). 

Upon  annealing  to  800**  C.  in  a  closed  pot,  the  real  grains  are  fonned, 
but  are  still  of  microscopic  dimensions  (see  Fig.  4).  In  order  to  determine 
the  temperature  at  which  the  larger  grains  begin  to  form,  that  is,  such 
as  can  be  readily  discerned  by  the  unaided  eye,  eight  samples,  varying 
in  thickness  from  0.005  to  0.025  in.,  were  annealed  in  hydrc^en  for  3  hr. 
at  850^  C,  cooled  over  night,  and  then  polished  and  etched  with  concen- 
trated nitric  acid.  There  was  no  change  in  structure.  This  was  repeated 
at  920°,  960°,  1,000°,  1,050°,  and  1,100°  C.  Samples  more  than  0.007  In- 
thick  began  to  show  slight  grain  growth  at  1,050°  C,  while  the  0.025-in. 
sample  showed  quite  large  sized  grains  (see  Fig.  5).  Above  this  tem- 
perature the  large  grains  did  not  show  any  visible  change,  but  the  smaller 
grains  grew  until  the  entire  remaining  field  was  occupied  by  large  equi- 
axed  grains.  These  grains,  once  formed,  could  not  be  changed  by  any 
heat  treatment  short  of  actual  fusion. 
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In  order  to  determine  the  influence  of  time  of  anneal  upon  the  grain 
growth,  several  0.025-iii.  sheets  were  placed  in  a  platinum-wound  furnace 
and  heated  in  hydrogen  to  915*  C.  for  17  hr.,  l.OOO"  C.  for  8  hr.,  aad 
1,230°  C.  for  15  hr.  After  each  period  one  sample  was  removed  and  es- 
amiued,  while  the  others  remained  in  the  hot  furnace.    No  chai^  what- 


Fia,  6.— Showing  the  (Jrowtii  or  Grains  alono  the  Direction   of  Strain. 

ISlZE. 

ever  occurred  until  after  the  last  period.  Here  the  grains  were  quite 
large,  but  still  of  the  same  order  of  magnitude  as  those  heated  to  an  equal 
temperature  for  2  hr. 

At  the  lower  limit  of  grain  growth,  i.e.,  1,050"  C,  it  required  about 
15  min.  to  obtain  any  noticeable  gain  in  size,  but  at  1,300"  C.  a  few  grains 
of  from  3  to  5  mm.  diameter  formed  in  3  sec.  Upon  further  heating  these 
sometimes  grew  to  from  8  to  10  mm.,  but,  as  a  rule,  continued  heatii^ 
produced  other  grains,  so  that  in  1 5  min,  the  whole  sheet  would  be  covered 
with  grains  of  alwut  5  mm.  average  diameter.  The  grains  grow  slowly 
at  1,050°  and  reach  their  maximum  size  in  about  3  far.,  or  less  if  the  teni- 
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perature  is  higher.     This  maximum  size  is  determined  by  the  condition 
of  strain  existing  in  the  sheet  or  bar,  as  will  be  explained  later. 

Another  series  of  samples  previously  run  showed  quite  large  grains 
after  annealing, at  950°  C.  (see  Fig.  6,  reduced  to  five-eighths  size).  Id 
these  samples  the  grains  begin  at  the  edges  and  grow  inward  and  are  of 
the  kind  described  by  Dr.  Percy  as  columnar.  That  these  grains  started 
to  grow  from  one  et^  only  of  two  of  the  strips  and  from  both  edges  of 
the  third,  is  explained  by  the  fact  that  samples  b  and  d  were  cut  from 
either  side  of  c,  and  the  grains  have  grown  only  in  those  regions  strained 
by  cutting,  and  have  their  loi^est  dimension  in  the  direction  of  the  strain. 


Fio.  7. — Section  of  Silicoit  Steel  Ingot  Srowino  Growth   of   Grain    in  the 
DiKBcnoN  OF  THE  Radial  Strains  CAUsen  bt  Coolinq. 

Similar  columnar  or  radial  grains  were  found  in  the  cast  metal  (see  Fig,  7), 
where  radial  strains  had  been  set  up  on  cooling. 

The  Influence  of  Mechanical  Working. 

In  previous  work  it  had  been  noticed  that  no  matter  how  high  the 
temperature  of  anneal  was  carried,  short  of  the  actual  melting  point,  the 
grains  always  formed  with  their  longest  dimension  in  the  direction  in 
which  the  original  sheet  had  been  rolled.  This  is  quite  remarkable  in 
that  the  large  grains  do  not  grow  under  1,060°  C,  and  it  ia  difficult  to 
understand  how  any  strain  could  persist  after  the  piece  had  been  annealed 
to  800°  C.  Repeated  experiments,  however,  have  demonstrated  beyond 
question  that  the  effect  of  rolling  does  persist,  very  much  like  the  latent 
image  on  a  photc^raphic  plate.  This  fact,  coupled  with  the  facts  noted 
in  the  preceding  paragraph,  gave  rise  to  a  closer  investigation  of  the 
effect  of  mechanical  working. 


2812  GSAIN   GROWTH  IN    SILICON    STEEL. 

The  two  samples  shown  in  Fig.  8  were  rolled  along  the  edges  a,  so  that 
the  samples  were  reduced  in  thickness  for  only  about  one-third  of  the 
width.  After  annealing  at  1,050°  C.  for  an  hour  they  developed  tbe 
structure  shown.     The  deformed  areas  have  small  grains,  while  those 


Fio.  8.— Showino  the  Effect  of  Strain  upon  the  Structdbb  of  Silicom  S 
Samples  were  Rolled  along  the  EIdoeb  a.    Actual  Sax. 


areas  which  were  put  under  strain  withoutany  actual  deformation  developed 
grains  of  considerable  coarseness,  which  have  grown  in  the  direction  of 
strain.  Samples  hammered  with  a  ball  hammer  showed  the  same  effect, 
t.e.,  a  small  fine-grained  circular  area  surrounded  by  a  fringe  of  Urge 
grains  extending  into  the  surrounding  unaltered  portion. 
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Several  large-grained  samples  were  then  hammered  lightly  in  different 
portions  of  the  grains,  and  these  worked  areas,  after  annealing  above 
900°  C,  were  found  to  be  broken  up  into  smaller  grains.    In  this  case, 


D  10.— LARGE-GaAiNED  Samplbs  IN  WHICH  Small  Grains  were  Formed 
f  Hammering  alono  the  Boundaries  of  the  Origihai.  Grains, 

and  Subsequently  Annealing.    Actual  Size. 


however,  only  the  deformed  areas  were  altered,  while  the  original  grain 
otherwise  remained  unchanged. 

Figs.  9  and  10  show  how  these  smaller  grains  may  be  formed  at  will 
wherever  desired,  / 

From  these  facts  it  is  evident  that  there  must  be  some  critical  strain 
at  which  the  grains  grow  to  the  largest  dimensions.  Such  a  condition 
of  strain-in  the"  metal  would  explain  why  sometirhes  in  the  same  sheet  - 
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extremely  large  grains  are  found  surrounded  by  very  fine  ones  when 
conditions  of  heat  treatment  were  precisely  the  same  throughout  the 
sheet. 

In  order  to  determine,  as  far  as  possible,  how  to  obtain  those  condi- 
tions of  strain  most  favorable  to  grain  growth,  a  series  of  26  samples 
were  rolled  under  different  conditions  of  temperature  and  rolling  pres- 
sure. The  first  eight  samples  were  rolled  at  from  600°  to  1,000°  C.  with 
one  setting  of  the  rolls.  The  pressure  was  then  decreased  and  another 
set  run,  and  so  on  throughout  the  series.  After  this  treatment,  the  samples 
were  all  annealed  to  950°  C.  for  3  hr.,  etched  and  examined. 

Figs.  11  and  12  show  how  the  grain  size  increases  with  decreased  rolling 
pressure.  The  pronounced  efifect  of  strain  is  a  little  more  clearly  illus- 
trated in  Fig.  13,  where  the  middle  area  only  has  been  subjected  to  the 
mechanical  working.  This  was  accomplished  by  placing  a  narrow  strip 
of  metal  on  the  center  so  that  only  the  area  covered  by  this  strip  would  be 
touched  by  the  rolls.  No.  1  was  given  a  very  light  pass  and  remains 
practically  unaltered;  Nos.  2  and  6  were  given  heavy  passes  through 
the  center  section;  Nos.  3  and  4  were  rolled  under  moderate  pressure 
and  Nos.  7  and  8  under  light  pressure.  The  growth  of  grain  imder  heavy 
pressure  is  seen  to  be  outside  the  deformed  area,  while  under  very  light 
working  the  deformation  was  not  sufficient  to  produce  any  strain  outside 
of  the  actual  area  under  pressure,  and  so  only  those  grains  grew  as  in 
No.  7.  An  intermediate  condition  is  that  of  No.  4,  where  the  growth 
has  extended  outside  of  the  area  of  deformation,  but  very  little. 

F.  Robin*  obtains  practically  the  same  results  with  steel  and  other 
metals,  for  temperatures  below  900°  C.  Hammering,  rolling,  or  com- 
pression tends  to  develop  a  coarsely  granular  structure  outside  of  the 
deformed  area.  The  granules  in  the  deformed  area  mutually  limit  each 
other  and  are  small,  while  just  outside  of  the  area  their  development  is 
greater  and  extends  into  the  unaltered  section.  As  has  been  shown  in 
the  case  of  silicon  steel,  he  finds  that  punching,  shearing,  or  bending 
produces,  on  reannealing,  large  granules,  which  extend  as  far  as  from 
7  to  12  mm.  into  the  unaltered  region. 

That  conditions  of  strain  may  be  set  up  during  annealing  is  shown 
in  Fig.  14,  which  is  one  of  six  samples  so  placed  in  a  furnace  that  the 
lower  end  was  held  at  1,340°  C,  while  the  upper  end  was  at  about  900°  C. 
These  were  examined  after  1,  1.5,  2,  and  4  hr.  The  large  grains  grew  in 
all  samples  in  the  region  between  the  900°  area  and  the  1,300°  area  and 
began  as  a  small  grain  on  one  edge  of  the  sheet  and  grew  across.  Only 
one  of  the  sheets  in  the  final  stage  is  shown  in  the  illustration.  This 
growth  was  evidently  due  to  the  strains  set  up  by  the  diflference  in  expan- 


*  Comptes  renduSf  vol.  civ,  pp.  716  to  719  (1912). 
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sion  between  the  hot  and  cold  areas  and  not  to  a  flow  of  heat,  as  might 
at  first  be  supposed. 

The  temperature  at  which  the  grain  begins  to  grow  to  visible  size  in  a 
sheet  free  from  unequal  strains  has  been  shown  to  be  1,050**  C.  A  slight 
strain,  such  as  is  caused  by  a  light  blow  from  a  hammer,  reduces  the 
temperature  necessary  to  about  725®  C,  as  nearly  as  could  be  deter- 
mined.   At  this  temperature  a  slight  growth  was  noted  after  0.5  hr. 

It  is  well  known  that  ordinary  mild  steel  or  wrought  iron  coarsens 
rapidly  between  600®  and  750®  C.,*  and  when  heated  above  As  becomes 
fine  again,  and  that  quenching  from  any  intermediate  temperature  gives 
a  fine-grained  structure.  In  silicon  steels  the  conditions  for  coarsening 
are  quite  different  and  this  difference  is  undoubtedly  due  to  the  effect 
of  the  silicon  upon  the  carbon,  thus  causing  the  Si-Fe  alloy  to  act  more 
like  a  pure  metal.  If  this  assumption  is  correct  we  would  expect  no 
fining  of  the  grain  above  As  in  very  pure  iron,  and  such  indeed  has  been 
found  by  Stead  and  Carpenter*  to  be  the  case.  Silicon  steel  differs  from 
the  pure  iron  of  Stead  and  Carpenter  in  that  its  grains  are  formed  on 
heating,  and  quenching  from  the  highest  temperatures  does  not  refine 
the  structure.  This  would  go  to  show  that  there  is  no  difference  between 
the  structure  of  the  gamma  and  the  alpha  iron  in  the  presence  of  silicon. 

The  large  grains,  if  subjected  to  mechanical  working,  require  a  higher 
temperature  (1,020®  C.)  to  produce  a  recrystallization  than  do  the  small 
grains  imder  strain  (750®  C).  If  unstrained,  however,  the  small  grains 
begin  to  grow  at  the  same  temperature  at  which  the  strained  large  grains 
are  recrystallized.  The  large  grains  are  then  more  stable  under  strain 
than  are  the  small  ones. 

•  Summary. 

It  has  been  shown 

1.  That  the  grain  of  a  3.25  per  cent,  silicon  steel  maybe  considerably 
coarsened  by  annealing  at  temperatures  above  1,050®  C.  If  the  sheets 
are  subjected  to  any  kind  of  unequal  strain  the  very  large  grains  begin 
to  form  at  about  725®  C. 

2.  That  the  grains  form  on  heating  at  a  rate  depending  upon  the  tem- 
perature; i.e.,  the  higher  the  temperature  above  1,050®  C.  the  quicker  the 
grains  form. 

3.  That  the  grain  size  is  predetermined  by  the  amount  and  kind  of 
mechanical  working  to  which  the  sheets  have  been  subjected  and  not 
by  the  rate  of  heating  or  cooling. 

» Stead:  Journal  of  the  Iron  and  Steel  InstituU,  vol.  liii  (1898,  I),  pp.  145  to  186. 
*  Journal  of  the  Iron  and  Steel  Institute^  Sept.,  1913. 
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4.  That  light  workiDg  or  straining  prodnces  large  grains,  and  heavy 
working  produces  fine  grains. 

6.  That  the  large  grains  once  formed  connot  be  altered  by  any  heat 
treatment  short  of  actual  fusion. 

6.  That  only  very  slight  growth  is  obtained  in  sheets  less  than  0.007 
in.  thick. 

7.  That  the  only  way  this  coarse  grain  structure  may  be  broken  up 
is  by  mechanical  working  followed  by  a  reanneal  above  1,020°  C. 

8.  That  the  eflPect  of  cold  mechanical  working  persists  after  heating 
to  incipient  fusion. 

Discussion. 

John  G.  Homan,*  FoUansbee,  W.  Va. : — I  would  like  to  make  a 
few  remarks  about  Mr.  Ruder's  paper,  in  connection  with  the  grain 
growth,  particularly  of  silicon  steel.  Dr.  Benedicks,  I  believe,  has 
found  that  most  of  the  elements  located  in  the  uneven  series  of  the 
periodic  system  are  those  which  produce  grain  growth  or  large  grain 
field ;  while  the  others,  the  even  series,  are  the  refiners.  Inasmuch 
as  last  year  there  was  made  in  America  something  over  120,000  tons 
of  steel  used  in  the  electrical  industries,  and  inasmuch  as  100,000 
tons  of  that  steel  was  silicon  steel,  the  paper  is  of  particular  in- 
terest, because  of  the  fact  that  there  seems  to  be  a  definite  connection 
between  large  grains  and  magnetic  quality  in  steel,  and  I  think  that 
if  Mr.  Ruder's  paper  should  point  out  to  us  a  way. in  which  we  can 
increase  the  grain  growth  of  silicon  steel  in  our  mills,  it  will  be  of 
enormous  practical  value.  One  particular  thing,  however,  that  seems 
to  be  summarized  in  the  paper,  is  the  fact  that  it  requires  something 
over  1,200°,  or  in  the  neighborhood  of  a  thousand,  I  may  say,  to 
produce  these  phenomena,  and  that  does  not  seem  to  be  practical 
just  at  present  in  our  systems  of  closed  heating. 

P.  H.  Griffin,  New  York,  X.  Y. : — Does  the  gentleman  mean  the 
recrystallization  of  the  metal  ? 

John  Q.  Homan  : — There  certainly  must  be  a  recrystallization  of 
the  metal. 

P.  H.  Qriffin  : — Well,  I  should  say  that  in  cast  iron,  which  is  the 
only  thing  with  which  I  have  any  experience,  it  is  a  very  simple 
thing  to  alter  the  crystallizing  of  metal  by  subjecting  it  to  the  varia- 
tion of  heat  and  cold. 


»  \r 
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John  G.  Homan  : — The  attempt  to  produce  the  grain  growth  has 
been  by  different  systems  of  heating  and  subjecting  the  mass  to 
pressure  or  alteration  of  mass. 

Allerton  S.  Cushman,*  Washington,  D.  C. :  — ^I  would  like  to 
know  whether  Mr.  Ruder  would  be  willing  to  state  whether  any  in- 
vestigations  were  made  with  respect  to  the  magnetic  and  electric 
constants  of  the  specimens  after  their  grain  growth  had  been  modi- 
fied by  these  experiments. 

W.  E.  Ruder  : — In  answer  to  the  question,  I  would  say  that  the 
total  watt  loss  is  apparently  not  affected  by  size  of  grain;  that  is,  on 
an  average.  Occasionally  we  find  that  the  watt  losses  may  be  higher 
or  lower,  but  we  cannot  ascribe  that  directly  to  the  size  of  grain.  On 
the  other  hand  the  hysteresis  loss  of  the  large  grain  is  considerably 
lower  than  of  the  fine-grained  structure;  but  the  eddy  current  loss  is 
almost  double.  The  material  has  decidedly  different  magnetic  quali- 
ties. 

Allerton  S.  Cdshman  : — ^The  point  I  wanted  to  get  at  was  whether 
in  the  case  of  very  extraordinary  sized  grains  a  maximum  efficiency 
was  developed. 

W.  E.  Ruder  : — 'No.  The  experiments  which  I  made  upon  hys- 
teresis were  confined  to  one  series.  You  can  realize  the  difficulty  of 
getting  a  definite  test  on  hysteresis  and  getting  materials  sufficiently 
uniform  so  that  one  could  say  the  grains  were  all  of  the  same  size. 
The  large-grain  material  would  vary  from  a  quarter  of  a  square  inch 
up  to  a  square  inch  in  size,  so  no  definite  conclusion  can  be  arrived 
at  there;  but  by  taking  an  average  lot  of  small,  medium,  and  large 
grains  the  hysteresis  follows  the  grain  size  very  sharply.  I  might 
say  that  the  eddy-current  loss,  too,  is  dependent  upon  the  grain  size 
up  to  the  point  where  the  grain  size  equals  the  thickness  of  the 
sheet ;  and  beyond  that  there  is  apparently  no  difference. 

Allerton  S.  Cushman: — The  idea  I  was  trying  to  express  has 
been  in  my  mind  for  some  time.  I  think  it  is  not  at  all  improbable 
that  the  same  consideration  comes  into  play  with  respect  to  magnetic 
and  electric  qualities  as  has  been  discussed  here  in  an  earlier  paper 
with  respect  to  the  relation  of  strength  of  material  with  the  growth 
of  the  grain,  and  the  cementitious  material,  or  material  that  lies  in 
between  grains.  I  asked  the  question  in  pursuing  the  idea  whether 
there  is  not  some  ideal  size  of  grain  that  gives  the  very  best  results. 
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W.  E.  RuDBR : — That  I  have  not  been  able  to  determine  very  ex- 
actly. I  cannot  get  the  grains  to  grow  large  and  small  and  get  them 
where  I  want  them.  They  do  not  always  grow  a  quarter  of  an  inch 
or  half  an  inch  as  I  would  like  them.  As  a  matter  of  fact,  the 
magnetic  qualities  of  a  sheet  are  very  nicely  brought  out  by  placing 
some  of  this  large-grain  material  in  a  magnetic  field  and  getting  an 
image  of  the  flux  by  scattering  on  iron  filings.  In  that  case  the 
crystals  are  very  definitely  outlined  by  the  iron  filings.  This  investi- 
gation was  carried  out  in  connection  with  a  previous  paper  in  which 
I  had  discussed  the  intergranular  cement  in  silicon  steel.  There  it 
showed  either  an  intensified  magnetism  at  that  point  or  a  gap. 

Henry  M.  Howb,  New  York,  N.  Y. : — ^In  Figs.  15  and  16  I  con- 
dense some  of  the  late  remarkable  discoveries  as  to  this  extraordinary 
grain-coarsening,  as  distinguished  from  the  normal  slow  coarsening 
which  occurs,  on  long  and  high  heating.  The  abscissae  represent 
grain 'size,  the  ordinates  temperature,  continuous  lines  rising  tem- 
perature, and  broken  lines  falling  temperature,  somewhat  after  Bri- 
nell.  Plastically  deformed  impure  iron,  Fig.  15  (wrought  iron  and 
low-carbon  steel  cold  rolled),  coarsens  with  rising  temperature,  from 
say  450°  to  850°,  to  refine  abruptly  on  passing  Ac3,  without  further 
coarsening  on  further  heating.  Pure  iron,  Fig.  16,  does  not  coarsen 
thus  in  heating  but  does  coarsen  abruptly  on  cooling  past  Ar8.^ 

Strikingly  unlike  as  these  conditions  look  at  first,  on  closer  ex- 
amination the  coarsening  seems  in  essence  the  same,  the  congenital 
coarsening  of  non-gamma  iron  crystals.  I  say  non-gamma  in  order 
to  avoid  the  contentious  question  as  to  the  existence  of  beta  iron. 

To  explain,  Sauveur  has  shown®  that  the  coarsening  of  Fig.  15 
occurs  only  after  a  certain  critical  degree  of  plastic  deformation. 
According  to  our  present  ideas,  the  essence  of  that  deformation  is  the 
amorphizing  of  part  of  the  alpha  iron.  The  amorphous  iron  recrys- 
tallizes  on  reheating,  or  to  be  more  specific  dis-amorphizes,  passing 
not  from  one  crystalline  form  to  another  but  from  the  amorphous  to 
the  crystalline  state,  which  is  quite  a  different  thing.  It  is  apparently 
during  the  birth  of  this  crystalline  iron  that  this  enormous  coarsening 

^  Stead  and  Carpenter  :  Crystallising  Properties  of  Electro-deposited  Iron,  Journal  of  the 
Iron  wnd  Steel  Tnaitutey  Sept,  1913.  I  found  that  even  electrolytic  iron  coarsened  some- 
what if  the  temperature  rose  high  enough,  e.  g.^  to  1,300° 

^  Note  on  the  Crystalline  Growth  of  Ferrite,  Inlernaiioncd  Association  for  Testing  MaterialSf 
VI  Congress,  1912,  II,  6. 

The  doubling  of  the  curve  above  A3  is  only  to  indicate  that  this  part  of  the  curve  rep- 
resents both  heating  up  and  cooling  down,  and  not  to  suggest  that  the  grain  size  changes, 
when  rising  temperature  gives  place  to  falling.  Let  the  reader  make  abstraction  of  this 
doubling,  and  mentally  superpose  the  unbroken  on  the  broken  line. 
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occurs,  hence  I  call  it  the  congenital  coarsening  of  non-gamma  iron 
crystals. 

The  refining  of  this  impure  iron  on  rising  above  Ac3  is  not  sur- 
prising, meaning  either  that  the  crystals  of  gamma  iron  do  not  inherit 
the  size  of  the  non-gamma  iron  whence  they  spring,  or  that  the  crys- 
tals of  the  non-gamma  iron  born  on  again  cooling  past  Ar3  do  not. 
But  as  Goerens®  has  shown  that  the  effects  of  overstrain  are  removed 
chiefly  between  500°  and  520°,  and  as  therefore  this  should  be  the 
temperature  of  dis-amorphizing,  more  precise  experiments  are  needed 
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Fig.  15.  Fig.  16. 

FiG&  15  AND  16. — Behavfor  of  Vert  Low-Carbon  Metal. 

The  commercial  coanens  on  dis-amorphizing  and  refines  at  Ac3,  the  electrolytic 

coarsens  at  Ar3. 

to  show  whether  this  coarsening  will  occur  there.  It  was  actually 
observed  by  Professor  Sauveur  at  650°,  though  Stead '®  reported  that 
it  occurs  between  500°  and  770°. 

Turning  to  the  pure  electrolytic  iron,  Fig.  16,  its  coarsening  occurs 
very  abruptly  in  the  change  at  Ar3  from  gamma  to  non-gamma  iron, 
so  that  this  too  is  congenital  coarsening  of  non-gamma  iron. 

•  Iron  and  Steel  InntitiUe^  Camrgk  MetnoirSj  vol.  iii,  p.  883,  Fig.  42  (1911). 

"  Tlie  Crystalline  Structure  of  Iron  and  Steel ;  Journal  of  the  Inm  and  Sted  InttitnU, 
vol.  liii  (No.  I,  1898),  pp.  145  to  189.  Brittleneas  Produced  in  Soft  Steel  by  Annetling; 
idem,  vol.  liv  (No.  II,  1898),  pp.  137  to  164. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  a 
meetinfir  of  the  Institute.  If  this  Is  impossible,  then  discussion  in  writintr  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  EDgineers,  29  West  39th  Street,  New  York,  N.  Y.  Unless  special  arrange- 
ment is  made,  the  discussion  of  this  paper  will  close  Feb.  1, 1914. 


The  Slagging  Gas  Producer. 

BY  WILLIAM  HUTTON  BLAUVELT.  SYRACUSE,  N.  Y. 
(New  York  Meeting,  October.  1913.) 

The  type  of  gas  producer  in  which  the  ashes  are  fluxed  and  run  ofif  as 
slag  was  among  the  very  earliest  made.  Ebelmen  built  the  first  one  in 
1840  at  Audincourt,  France,  only  a  year  after  the  installation  of  the  first 
gas  producer  of  which  we  have  record.  Charcoal  was  used  as  the  fuel, 
with  blast-furnace  slag  and  clay  as  flux.  My  interest  in  this  type  of 
producer  began  when  as  a  boy  I  saw  the  fluxing  producer  at  Chester,  N.  J., 
which  was  invented  by  W.  J.  Taylor,  and  described  by  him  in  1881.* 
This  producer  was  invented  independently  by  Mr.  Taylor  to  meet  the 
difficulties  he  experienced  in  making  producer  gas  for  roasting  sulphurous 
iron  ores.  It  will  be  of  interest  to  review  briefly  his  description  of  his 
producer.  It  was  built  like  a  small  blast  furnace,  having  a  hearth  24 
in.  in  diameter  and  24  in.  high.  The  bosh  angle  was  26°  from  the  vertical; 
the  diameter  at  the  bosh  4  ft.  and  at  the  top  3  ft.;  the  total  height  12  ft. 
The  producer  contained  one  water-cooled  tuyere  12  in.  above  the  bottom, 
with  a  1.5-in.  nozzle.  Depth  of  the  coal  above  the  tuyere,  6  ft.  Mr. 
Taylor  mixed  the  coal  with  from  30  to  40  per  cent,  of  basic  blast-furnace 
slag  to  flux  the  ash.  Occasionally  some  limestone  was  also  used,  but 
never  limestone  alone,  as  the  use  of  the  furnace  cinder  gave  a  larger 
volume  of  slag  and  made  it  easier  to  maintain  a  proper  fluidity.  The 
producer  was  blown  with  a  small  Weimer  blowing  engine,  delivering  300  ft. 
of  air  per  minute,  at  from  1  to  1.6  lb.  pressure.  The  slag  was  tapped 
every  2  hr.  and  was  black  and  glassy  in  appearance.  Broken  or  egg  size 
anthracite  was  used.  The  fine  sizes  of  anthracite  could  not  be  made  to 
work.  Mr.  Taylor  expressed  the  belief  that  bituminous  coal  could  be  used 
if  not  too  fine,  but  no  experiments  were  made  with  this  coal.  Runs  were 
made  of  four  weeks'  duration,  with  no  stops  or  changes.  Mr.  Taylor 
reported  the  following  advantages: 

1.  Excellent  gas,  very  uniform  in  quality.  The  high  fuel  bed  per- 
mitted no  air  to  pass  unconsumed,  and  the  gas  was  almost  entirely  free 
from  carbonic  acid. 

*  Trans.y  ix,  309  (1880-81). 
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2.  No  cleaning  of  the  producer  to  remove  ashes,  so  no  waste  of  coal  and 
no  cessation  or  irregularities  in  the  flow  of  gas. 

3.  Quantity  of  gas  easily  controlled,  and  "anyone  familiar  with  blast- 
furnace practice  can  run  it,  particularly  if  cinder  for  fluxing  is 
available." 

The  power  required  for  blowing  the  producer  for  gasifying  200  lb.  of 
coal  per  hour  was  1.5  h.p.,  or,  assuming  3  lb.  of  coal  per  horse  power,  2.25 
per  cent,  of  the  coal  gasified.  This  consumption  of  steam  compares  favor- 
ably with  ordinary  producers,  but  the  rate  of  gasification,  about  16  lb.  per 
square  foot  per  hour,  was  not  remarkable  for  the  size  of  fuel  used.  Mr. 
Taylor  did  not  continue  the  operation  of  the  fluxing  producer,  mainly  on 
account  of  the  skilled  attention  required  in  its  operation.  A  man  "  familiar 
with  blast-furnace  practice''  is  often  not  available  for  the  operation  of 
producers.  The  high  pressure  of  blast  used  and  the  necessity  for  employ- 
ing a  blowing  engine  were  also  among  the  disadvantages.  He  did  not 
state  why  only  the  larger  and  more  costly  sizes  of  anthracite  could  be 
used,  but  at  present  comparative  prices  this  would  be  a  serious  objection. 

There  appears  to  be  no  further  record  of  experiments  with  the  slagging 
producer  until  within  the  last  few  years.  A  battery  of  "S.  F.  H."  slagging 
producers  was  installed  at  the  glass  works  at  Gironoourt  in  1907,  and  this 
plant  is  reported  to  be  still  in  operation,  furnishing  gas  to  the  glass  works. 
In  the  report  of  the  operation  of  this  plant  there  is  no  reference  to  the  type 
of  flux  used,  but  it  is  reported  that  all  kinds  of  fuel  are  successfully  gasified, 
no  matter  what  the  content  of  ash,  the  only  necessity  being  that  the  fuel 
contain  sufiicient  fixed  carbon  to  develop  heat  to  gasify  the  carbon  and 
fuse  the  ash.  It  is  claimed  that  the  heat  required  to  fuse  the  ash  is  much 
less  than  the  equivalent  of  the  carbon  lost  in  the  ash  of  ordinary  producers. 
One  coal  containing  from  20  to  25  per  cent,  of  ash  gave  a  gas  containing 
from  2  to  3  per  cent,  of  COs,  28  to  30  per  cent,  of  CO,  and  9  to  10  per  cent 
of  Hj  and  CH4. 

The  most  recent  work  done  with  the  slagging  producer  is  that  described 
by  the  Bureau  of  Mines.*  This  work  was  done  at  the  Pittsburg  Laboratory 
of  the  Bureau,  with  a  view  to  determining  the  value  of  this  type  of  producers 
for  utilizing  low-grade  fuels.  It  does  not  appear  from  the  report  of  these 
tests  that  the  slagging  producer  gives  results  essentially  superior  to  other 
types  of  producers  for  gasifying  low-grade  f ueb.  The  experiments  at  the 
Coal  Testing  Plant  of  the  Bureau  at  St.  Louis  in  1903  and  1904,  shoiired 
that  fuels  containing  very  high  percentages  of  ash  could  be  successfully 
gasified  in  producers  of  the  ordinary  type. 

The  report  of  the  Bureau  of  Mines  does  not  give  the  dimensions  of  the 


*  The  Slagging  Type  of  Gas  Producer,  Technical  Paper  No.  «?,  U.  S.  Bureau  ofUvm 
(1912). 
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producer  used,  but  six  air  tuyeres  were  employed,  and  in  addition  four 
separate  steam  tuyeres  located  above.  On  account  of  the  extremely 
high  temperatures,  it  was  found  necessary  to  provide  pipe  coils  in  the 
brick  lining  for  water  cooling,  and  magnesite  brick  was  used  between  the 
coils  and  the  fire.  The  cooling  coil  extended  over  a  space  20  in.  above  the 
air  tuyeres.  The  blast  pressure  used  was  from  5  to  16  in.  of  water,  and  it 
was  found  advantageous  to  pre-heat  the  air  to  about  440^  F.  Steam 
was  employed  at  times  up  to  0.75  lb.  per  pound  of  fuel  gasified,  and  it  was 
found  that  this  produced  no  chilling  effect  on  the  slag,  as  the  steam  was 
introduced  above  the  point  of  highest  temperature.  It  was  found  difficult 
to  operate  this  type  of  producer  intermittently  without  trouble  from  the 
chilling  of  the  slag,  so  it  does  not  appear  that  it  would  be  satisfactory  in 
cases  where  gas  is  required  only  in  the  daytime,  for  example.  The  analysis 
of  the  gas  showed  high  CO  and  low  COs  content,  the  latter  being  as  low  as 
1.5  per  cent.,  but  no  analyses  are  reported  showing  the  effect  of  steam  on 
the  composition  of  the  gas. 

The  experiments  developed  a  number  of  difficulties  in  the  fluxing  of  the 
ash,  and  it  was  found  that  the  theoretical  percentage  of  limestone  was  not 
nearly  sufficient  to  produce  a  fluid  slag.  Frequently  large  quantities  of 
fine  ash  blew  over  with  the  gas,  "because  of  the  heavy  air  blast,"  and 
probably  some  of  the  limestone  was  blown  over  with  it.  One  occasion  is 
reported  where  practically  all  of  the  ash  and  limestone  escaped  in  this  way. 
Comparing  the  air  pressures  reported  with  those  used  in  producers  of  the 
ordinary  type,  it  would  be  interesting  to  observe,  in  further  experimenting, 
if  a  careful  proportioning  of  the  depth  of  the  fuel  bed  to  the  rate  of  com- 
bustion would  reduce  the  trouble  from  this  source. 

When  the  conditions  were  right  and  the  operation  of  the  producer  was 
maintained  continuously  there  was  no  trouble  in  tapping  off  the  slag  in  a 
satisfactorily  fluid  condition,  and  in  maintaining  a  uniformly  high  quality 
of  gas.  The  Bureau  has  been  carrying  on  experimental  work  since  the 
publication  of  the  above  report,  and  we  hope  to  have  before  long  the 
results  of  this  additional  work. 

The  latest  work  with  the  slagging  producer  is  described  in  a  French 
patent  issued  to  E.  Servais,  Jan.  21,  1913.  In  this  producer  there  are  two 
sets  of  tuyeres,  one  set  arranged  just  above  the  fire  zone  and  supplied 
with  steam  or  gas  to  reduce  the  temperature  in  the  fuel  bed  by  its  decompo- 
sition. A  second  set  of  tuyeres  is  arranged  just  below,  through  which  the 
air  blast  is  admitted.  These  tuyeres  are  set  in  an  eccentric  ring,  in  order 
that  a  whirling  movement  may  be  given  to  the  air  in  order  to  agitate  the 
molten  slag  in  the  crucible.  The  inventor  claims  that  this  rapidly  melts 
down  any  solid  lumps  that  may  form.  A  combustion  chamber  is  arranged 
beneath  the  crucible  in  which  a  mixture  of  gas  and  air  may  be  burned  to 
help  in  maintaining  the  temperature  above  the  fusing  point  of  the  slag. 
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In  operating  this  producer  the  fuel  is  sprayed  with  lime  wat«r,  or  mixed 
with  a  suitable  amount  of  basic  blast-f umace  slag. 

The  work  done  thus  far  with  the  slagging  producer  does  not  indicate 
that  the  problem  has  been  thoroughly  worked  out,  and  there  is  much 
experimenting  to  be  done  before  this  producer  can  be  put  on  a  commercial 
basis.  The  increasing  cost  of  the  higher  grades  of  fuel,  and  the  large 
amounts  of  low-grade  fuel  that  are  available  in  almost  all  parts  of  the 
country,  made  the  perfecting  of  a  producer  that  will  successfully  gasify 
these  low  grades  a  most  interesting  and  important  problem. 

There  is  one  field  where  the  slagging  producer  would  have  material 
advantages.  It  would  be  ideal  for  gasifying  coals  having  a  fusible  ash. 
No  matter  how  badly  the  ash  might  clinker  in  an  ordinary  producer,  it 
would  have  no  terrors  for  the  slagging  producer;  in  fact,  the  more  fusible 
the  ash,  the  better.  Such  coals  are  ordinarily  gasified  with  the  use  of  an 
excess  of  steam,  which  is  not  only  costly  to  generate,  but  injurious  to  the 
gas,  as  much  of  it  passes  through  undecomposed.  There  are  many  of  these 
clinkering  coals  which  are  objectionable  in  the  ordinary  gas  producer,  and 
if  the  slagging  gas  producer  can  be  worked  out  so  that  the  cost  of  operation 
is  about  on  a  par  with  other  types,  it  will  find  a  field  of  usefulness  waiting 
for  it. 

In  connection  with  the  treatment  of  clinkering  coals  I  give  below  a 
brief  bibliography  of  publications  on  clinkering,  for  which  I  am  indebted 
to  F.  N.  Morton  of  Philadelphia. 


Calculation  of  Clinker  in  Blast  Furnaces  by  the  Platz  Method. — Le  Genie  Ctni, 
Apr.  9,  1904. 

Management  of  Water  Gas  Generators.  By  Dr.  John  F.  Wing. — American  Gut 
Light  Journal,  Apr.  18,  1910,  p.  730;  Apr.  25,  1910,  p.  772. 

Best  Anthracite  Coal  for  Use  in  Water  Gas  Generators. — Proffressive  Age,  July  1, 
1910,  p.  547. 

What  Causes  Clinker  and  What  is  its  Chemical  Composition? — Question  Box,  Ohio 
Gas  Light  Association,  1905,  p.  252. 

Relation  Between  the  Composition  of  Coal  Ash  and  Its  Fusibility.  By  Eugene 
Prost. — Moniteur  Indueiriel,  Dec.  11,  1897.  (A  translation  of  this  article  appeared  in 
the  Colliery  Guardian,  Mar.  18,  1898.) 

Prost*8  Manual  of  Chemical  Analysis. 

The  Freezing  Point  of  Iron.  By  H.  C.  H.  Carpenter. — Journal  of  the  Iron  and 
Steel  Institute,  1908,  III,  p.  290. 

Clinkers  and  the  Fusing  Temperature  of  Coal  Ash. — Coal  Trade  Journal,  June  29,1910. 

Clinkering  of  Coal.  Results  of  Test«  for  Effect  of  Various  Constituents  in  the 
Ash.     By  Lionel  S.  Marks. — Engineering  Xews,  Dec.  8,  1910,  p.  623. 
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Steam  for  Preventing  Clinkers. — Power^  Feb.  7,  1911,  p.  240. 

The  Relation  Between  Composition  and  Fusibility  of  Coal  Ash.  Report  of  Invest!* 
gation. — CoUiery  Guardian,  Oct.  1,  1897. 

A  Study  of  the  Fusibility  of  the  Ashes  of  Combustibles.  By  H.  Le  Chatelier  and 
Chantepie. — BuUetin  SociSli  d^ Encouragement,  Feb.,  1902. 

.  BuUetin  No,  3SS,  U.  S.  Geological  Survey,  p.  28. 

The  Operation  of  the  Boiler  Plant  and  the  Cost  of  Making  Steam.  By  J.  T.  Sparrow.. 
— Proceedings  of  Association  of  Edison  Illuminating  Companies,  1908,  p.  192. 

*The  Temperatures  at  Which  Certain  Ferrous  and  Calcic  Silicates  are  Formed  in 
Fusion,  and  the  Effect  upon  these  Temperatures  of  the  Presence  of  Certain  Metallic 
Oxides.  By  H.  O.  Hofman. — Transactions  of  the  American  Institute  of  Mining  Engi^ 
neers,  1899,  vol.  29,  p.  682. 

The  Fusing  Temperature  of  Coal  Aah,— Power,  Nov.  28,  1911,  p.  802. 

Fusipn  Temperature  Coal  Ash. — BuUetin  6,  Fuel  Testing  Co. 


*NoTE :   In  this  article  the  following  references  are  given : 

Lampadius. — Journal  des  Mines,  1809,  18,  p.  171;  also,  Handbook  der  AUgemeinen 
HtUtenkunde,  1801-1810,  1,  p.  127.    H.  Dieterich,  Gottingen. 

Sefstrdm. — Jemkoniorets  Annaler,  1828,  1,  p.  155;  also,  Erdmann's  Journal  fUr 
Tecknische  und  Oekenomische  Chemie,  1831,  10,  p.  145. 

Berthier.— rrai/^  des  Essaii,  Paris,  1834,  1,  p.  430. 

Percy-Smith. — Percy,  Fuel,  London,  1875,  p.  59. 

Bischof. — Dingler*s  Polytechnisches  Journal,  1862,  165,  p.  378. 

Plattner. — Merbach,  Die  Anwendung  der  Erwarmten  Geblfiseluft  in  der  Metallurgies 
Leipsic,  1840,  p.  288. 

o 

Akerman. — Jemkontorets  Annaler,  1886,  p.  1 ;  also,  StaM  und  Eisen,  1886,  pp.  281, 387; 
"Graphical  Representation,"  by  Howe,  Transactions  of  the  American  Institute  of  Mining 
Engineers,  28,  p.  346. 

Howe. — Transactions  of  the  American  Institute  of  Mining  Engineers,  18,  p.  724. 
Gredt.— iStaW  und  Eisen,  1889,  9,  p.  759;  also,  Akerman's  Critique,  id.,  1890,  p.  424. 


2828  the  slaqqino  gas  pkoducbb. 

Discussion. 

Joseph  W.  Richards,  South  Bethlehem,  Pa. : — There  are  two 
striking  advantages  of  the  slagging  gas  producer :  one  is  that  you 
can  use  a  coal  with  a  very  fusible  ash,  and  are  not  bothered  by  the 
clinkering  of  the  coal ;  but  the  particular  advantage  is  that  on  a  very 
small  floor  space  or  ground  space  you  get  a  very  high  capacity. 
Where  room  or  space  is  at  a  premium,  then,  the  slagging  producer 
can  give  you  a  large  output  on  a  small  area.  There  is  one  neces- 
sary loss,  however,  that  I  wish  to  call  attention  to :  namely,  that  in  a 
^IftgS^i^S  g^  producer  you  necessarily  lose  all  the  heat  of  the  slag 
which  comes  out  of  the  furnace,  so  that  the  heat  efficiency  of  the 
furnace  as  a  gas  producer  is  diminished  by  the  sensible  heat  of  the 
slag  coming  out,  whereas  in  the  ordinary  gas  producer  the  ashes 
come  out  nearly  cold  and  you  save  nearly  all  their  sensible  heat 
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[snBJBCT  TO  RETISION.) 


DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  a 
meetinf?  of  the  Institute.  If  this  is  impossible,  then  discussion  in  writinf?  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  Engineers,  29  West  S9th  Street,  New  York,  N.  Y.  Unless  special  arrange- 
ment is  made,  the  discussion  of  this  paper  will  close  Feb.  1, 1914. 


The  Briquetting  of  Flue  Dust  in  the  United  States  by  the 

Schumacher  Process. 

BY   FELIX  A.  VOGEL  AND  A.  M.  TWEEDY,*  NEW  YORK,  N.  Y. 

(New  York  Meeting,  October,  1913.) 

Since  the  publication  of  Prof.  J.  W.  Richards's  paper  on  The  Schumacher 
Briquetting  Process,*  this  process  has  been  in  operation  on  a  practical 
scale  in  two  plants  in  the  United  States,  and  a  few  notes  ou  the  results 
obtained  may  be  of  interest. 

An  experimental  plant,  consisting  of  a  toggle  press  and  a  hydraulic 
press,  was  installed  at  Johnstown,  Pa.,  together  with  the  necessary  bins 
and  other  equipment,  and  an  attempt  was  made  to  briquette  a  mixture  of 
Mahoning  fines  and  blast-furnace  flue  dust,  in  a  ratio  of  7  parts  of  ore  to 
3  parts  of  dust.  The  results  were  unsatisfactory,  in  that  the  briquettes 
made  were  not  hard  enough  to  stand  the  severe  handling  to  which  they 
were  subjected  in  the  various  transferences  necessary  between  the  press  and 
the  furnace.  The  trouble  was  due  to  several  causes:  First,  the  mechanical 
arrangement  of  the  plant,  which  did  not  lend  itself  to  a  proper  hardening 
and  loading  of  the  briquettes  into  the  cars.  Second,  the  irregular  composi- 
tion of  the  flue  dust,  as  to  both  its  lime  and  its  fine  coke  contents.  Third, 
the  variability  of  the  moisture  content  of  the  ore,  and  its  viscosity  when  wet. 
Fourth,  the  ratio  of  fine  ore  to  flue  dust;  that  is,  it  was  attempted  to 
bind  in  too  large  a  quantity  of  fine  ore  for  the  small  amount  of  fine  dust 
used.  The  first  trouble  could  be  overcome,  and  has  been  improved 
upon  in  the  plant  as  it  stands  to-day.  The  second  trouble  was  important, 
because  of  the  small  amount  of  dust  used  as  a  binder,  and  might  have  been 
easily  removed  by  mixing  the  flue  dust  of  the  different  furnaces,  which, 
however,  was  never  done.  The  third  diflBiculty  was  more  serious,  but 
could  have  been  partly  solved,  had  it  been  possible  to  meet  this  along  with 
the  fourth  difficulty,  by  decreasing  the  percentage  of  ore  in  the  briquettes. 
It  was  proposed  to  do  this,  but  it  seems  that  the  problem  at  the  works  in 
question  is,  primarily,  to  prepare  Mahoning  fines  for  reduction  in  the 
blast  furnace,  and  only  secondarily  to  use  up  the  flue  dust,  and  a  solution 
along  this  line  did  not  seem  to  be  interesting. 

*  Non-member. 

*  Trans.,  xliii,  387  (1912). 
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In  Lackawanna,  N.  Y.,  a  single-press  experimental  plant.  Fig.  1,  was 
installed  in  October,  1912,  and  operated  for  a  trial  period  until  Aug.  1, 1913, 
when  it  was  taken  over  by  the  steel  company,  and  is  now  being  operated  by 
them.  The  plant,  Fig.  1,  consists  of  a  single  toggle  press  installed  at 
the  end  of  the  regular  coke  bins,  two  of  which  bins  have  been  utilized  as 
storage  bins  for  flue  dust.  The  flue  dust,  as  drawn  in  hopper-bottom  cars 
from  the  dust  catchers  of  any  one  of  the  seven  furnaces,  is  dumped 
through  a  1-in.  wire  screen  into  the  dust  storage  bins.  Any  coarse  coke  or 
limestone  caught  in  the  screening  is  shoveled  or  raked  into  an  adjoming 
coke  bin.  From  the  storage  bins  the  dust  is  drawn  off  through  cylmdrical 
spouts,  18  in.  in  diameter,  to  two  table  proportioners  feeding  a  standard 
pug  mill  10  ft.  long,  of  the  ordinary  single-screw  type.  In  this  pug  mill,  or 
mixer,  water  and  a  10  per  cent,  solution  of  iron  sulphate  are  added,  the 
amount  of  solution  being  such  that  the  actual  salt  added  is  0.25  per  cent., 
by  weight,  of  the  flue  dust.  The  amount  of  water  is  varied  with  the  char- 
acter of  the  dust,  and  is  such  that,  with  the  water  in  solution,  the  total 
moisture  in  the  dust  as  it  leaves  the  mixer  is  from  8  to  10  per  cent.  From 
the  mixer  the  dust  feeds  directly  into  the  press,  where  rectangular  briquettes 
7.75  by  6  by  3.25  in.,  are  formed,  under  a  pressure  of  5,600  lb.  per  square 
inch.  It  would  be  out  of  place  to  go  into  a  detailed  description  of  the  press, 
more  than  to  say  that  it  is  a  self-contained  toggle  press  of  the  revolving- 
table  type,  with  12  molding  boxes,  and  designed  to  turn  out  from  18  to  22 
briquettes  per  minute.  The  pressure  plunger  is  counterbalanced  by  a 
counter-pressure  plunger  in  an  oil  cylinder,  under  a  pressure  of  135  atmos- 
pheres of  compressed  nitrogen,  which  has  a  dual  purpose,  in  that  it  insures 
a  uniform  pressure  on  each  briquette,  besides  protecting  the  press  in  case 
of  foreign  material  getting  into  the  molding  boxes.  Further  features  are 
safety  shearing  pins  on  the  table-drive  mechanism,  which  disengage  the 
table  from  the  main  driving  shaft  in  case  the  revolution  of  the  table  is 
stopped  in  any  way.  The  press,  with  ordinary  care  as  to  lubrication  and 
adjustment,  gives  no  trouble. 

The  press  is  operated  at  a  speed  to  deliver  20  briquettes  per  minute,  or 
1,200  per  hour.  Briquettes  weigh  from  11.5  to  12  lb.  apiece,  so  production 
is  at  the  rate  of  about  6  tons  per  hour.  The  briquettes  are  discharged 
automatically  from  the  press  table  on  to  a  belt  conveyor  by  a  "kicker." 
Sufficient  storage  space  was  not  provided  in  the  briquette  shed  for  aD 
briquettes  made  running  both  day  and  night  turns,  so  the  day-tum 
briquettes  are  run  on  the  conveyor  directly  to  flat-bottom  gondola 
cars,  where  they  are  taken  off  by  hand  and  stacked.  On  the  night  turn, 
briquettes  are  taken  ofif  the  conveyor  by  hand  and  stacked  in  the  shd, 
where  they  are  allowed  to  stand  about  24  hr.,  then  thrown  by  band  or 
loaded  by  the  conveyor  again  into  hopper-bottom  cars.  Both  of  these 
arrangements  are  very  crude  and  expensive,  but  of  the  two,  the  method  of 
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stacking  the  briquettes  on  the  ground  proves  the  more  satisfactory,  as  the 
briquettes  have  proper  time  and  ventilation  to  harden  as  they  should, 
which  is  not  the  case  in  the  cars,  where  the  briquettes  are  packed  too 
tightly  and  get  very  little  ventilation. 

It  was  found  that  very  hot  dust — that  is,  dust  directly  from  the  cakh- 
ers — did  not  make  good  briquettes;  the  explanation  being  that  the  moisture 
in  the  briquettes  was  driven  off  before  time  was  given  for  any  cementing 
reaction  to  take  place.  As  brought  out  in  previous  discussions  on  the  sub- 
ject, moisture  is  a  necessary  factor  in  the  cementing  action.  The  dust 
should  certainly  be  cool  enough  not  to  bum  the  hand  when  handled 
before  going  into  the  press.  In  cases  where  the  briquettes  were  too  hot, 
and  dried  too  fast,  some  improvement  could  be  made  by  sprinkling  the 
briquettes  with  water.  This  helped  to  harden  the  briquettes  to  the  depth 
to  which  the  moisture  penetrated,  but  as  this  was  not  very  deep,  the  bri- 
quettes at  best  were  only  "case  hardened."  In  a  number  of  cases,  par- 
ticularly when  the  furnaces  were  acting  badly,  or  when  a  shipment  of  lime 
contained  a  large  amount  of  fines,  the  flue  dust  was  found  to  contain  a 
large  percentage  of  unslaked  lime.  Slaking  was  started  in  the  mixer, 
especially  if  the  dust  was  hot,  and  was  not  completed  until  after  the 
briquettes  were  molded  and  set  to  harden,  when  the  incidental  expanaon 
of  the  lime  in  slaking  tended  to  loosen  and  crack  the  briquettes.  This 
difficulty  was  met  by  introducing  steam  into  the  mixer,  and  by  changing 
the  lead  of  the  blades  of  the  mixer  screw  so  that  the  dust  was  held  in  the 
steamy  mixer  until  the  lime  had  time  to  thoroughly  slake,  when  it  did 
no  harm  to  the  briquettes. 

Experiments  were  made  with  different  percentages,  and  with  different 
catalytic  solutions,  notably  CaClj,  HjSOi,  HNOb,  FeSOi,  and  pickling 
liquor  from  a  nearby  galvanizing  plant.  CaCls  and  FeSOi  and  pickling 
liquor,  all  gave  good  results,  and  it  was  found  most  practical  to  use  com- 
mercial FeS04  in  the  percentage  above  mentioned.  Pickling  liquor  would 
have  been'  cheaper,  but  arrangements  could  not  be  made  to  obtain  it  in  the 
quantity  desired. 

Liners  for  the  molding  boxes  had  to  be  changed  every  six  weeks,  and 
experiments  were  made  with  diflferent  steels  and  tempering?,  to  determine 
the  best  material  for  such  liners.  Ordinary  open-hearth  rail  steel  with  0.80 
per  cent,  of  carbon,  untempered,  proved  the  best.  Liners  now  being  made 
are  tapered  on  diagonally  opposite  sides,  so  as  to  be  reversible  when  one 
side  is  worn,  and  yet  to  make  good  briquettes  until  entirely  worn  out. 
Untapered  box  liners,  when  worn  even  a  very  small  amount,  tend  to  cause 
lamination  and  cracks  throughout  the  briquettes,  the  reason  being  that 
the  wearing  takes  place  most  where  the  briquette  is  formed,  some  3  in. 
from  the  tcp,  or  throat,  of  the  box,  and  the  briquette,  in  being  discharged 
through  the  narrower  throat,  has  to  be  squeezed,  and  so  cracked. 
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Practical  operations  at  Lackawanna  were  on  fresh  flue  dust,  that  is, 
dust  produced  currently  from  the  furnaces,  seldom  more  than  a  week  old, 
and  sometimes  so  fresh  from  the  dust  catcher  as  to  be  actually  red  hot. 
fbcperiments  were  made  using  mixtures  of  fresh  dust  and  weathered  dust 
from  the  stock  piles,  and  it  was  found  that  equally  good  briquettes,  if  not 
better  ones,  are  made  with  60  per  cent,  of  fresh  dust  and  50  per  cent,  of 
weathered  dust,  the  reason  being  that  the  weathered  dust  is  always  cool, 
so  that  the  mixture  is  cooler  than  the  fresh  dust  alone,  and  the  cementing 
reaction  takes  place  more  slowly  and  thoroughly.  Dust  some  two  months 
out  of  the  furnace  made  very  good  briquettes,  and  we  are  led  to  believe 
that  at  least  two  or  three  months  of  weathering  is  necessary  before  dust 
becomes  coo  inert  for  briquetting  alone. 

In  a  single  month  of  which  we  have  complete  records,  which  is  typical 
of  average  work,  the  results  of  operation  show  a  production  of  2,727  tons 
made  during  23  working  days,  or  an  average  production  of  119  tons  per 
day,  at  a  total  cost,  including  all  overhead  expense,  of  60c.  per  ton.  Of 
this  cost,  the  largest  single  item,  that  of  handling  briquettes  after  they  are 
made,  would  be  cut  in  half,  if  not  further  reduced,  in  any  permanent, 
properly  designed  plant.  The  cost  of  catalytic  also  would  have  been 
reduced  if  pickling  liquor  had  been  used,  and  the  total  cost  might  easily 
have  been  brought  down  to  40c.  per  ton. 

All  briquettes  made  during  the  test  run  were  used  currently  on  the 
furnaces,  and  accounted  for  themselves  in  tons  of  pig  iron,  without  bad 
effects  on  the  furnaces  or  on  their  operation.  Furnace  losses  in  flue  dust, 
or  in  any  other  way,  were  not  greater  than  they  had  been  when  the  furnace 
carried  no  briquettes.  Small  percentages  of  briquettes  were  used  irregu- 
larly on  a  500-ton  furnace  throughout  the  winter  and  spring,  and  to  get 
more  conclusive  results  during  the  summer,  briquettes  were  used  on  two 
300-ton  furnaces,  where  the  eflfect  of  the  small  quantity  of  briquettes 
would  be  noted  more  readily  than  on  the  larger  furnace. 

A  summary  of  operations  on  one  furnace  showed  that  in  Jime,  when 
13.71  per  cent,  of  briquettes  was  carried — the  largest  percentage  of  bri- 
quettes that  had  been  carried  for  an  entire  month — the  furnace  actually 
made  a  little  more  iron  with  a  smaller  coke  consumption  and  less  flue  dust, 
2.26  per  cent.,  than  it  did  in  previous  months  with  less  briquettes. 

When  the  briquettes  were  badly  broken  and  used  in  a  large  amount, 
say  25  per  cent.,  on  a  single  furnace,  a  tendency  to  tighten  was  noticed 
in  the  furnace.  Whether  this  is  due  to  the  physical  character  of  the  charge, 
or  to  the  swelling  of  the  ores,  or  to  excessive  carbon  deposition  from  the 
Mesabi  ores,  or  to  some  other  reason,  has  not  been  determined.  That  it 
is  not  serious,  and  can  easily  be  overcome  with  a  little  more  experience,  is 
obvious  from  European  practice,  where  the  process  is  in  operation  in  more 
than  20  different  plants,  in  a  number  of  which  even  a  larger  percentage 
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of  briquettes  is  used  on  a  charge,  with  no  tightening  tendencies,  and  decid- 
edly beneficial  results  in  furnace  operation. 

In  conclusion,  and  referring  again  to  the  previous  papers  on  the  subject 
and  their  discussions,  it  may  be  said  that  nothing  new  has  developed  as 
regards  the  action  of  the  catalytic  agent  in  the  cementing  action  of  flue 
dust,  when  subjected  to  pressure.  This  cementing  action  is  partly  due  to 
the  formation  of  a  silicate  of  litne  and  alumina,  similar  to  the  action 
taking  place  in  the  setting  of  Portland  cement,  and  partly  due  to  the  oxida- 
tion and  hydration  of  the  different  oxides  of  iron  to  Fe(OH)j.  Whatever 
the  action  of  the  catalytic  may  be,  it  has  certainly  been  shown  that  such  a 
catalytic  is  necessary  in  order  that  the  cementing  action  may  take  place. 

Very  little  direct  evidence  was  secured  as  to  what  happened  to  the  coke 
in  the  flue  dust.  It  went  into  the  furnace  with  one  result,  or  a  combina- 
tion of  several  results.  It  might  have  been  thrown  out  again  as  increased 
flue  dust,  if  the  briquettes  immediately  disintegrated  with  heat.  This, 
however,  did  not  happen,  as  all  evidence,  in  the  fact  that  the  briquettes 
accounted  for  themselves  in  tons  of  pig  iron  produced  without  increased 
losses  in  any  way,  is  directly  to  the  contrary.  Then  the  carbon  either 
must  have  combined  with  the  COj,  producing  CO  and  thus  enriching  the 
furnace  gases:  or  it  was  carried  down  with  the  rest  of  the  burden  and  did 
its  part  in  the  reduction  of  iron.  Probably  both  these  actions  take  place, 
but,  because  of  the  comparatively  small  amount  of  briquettes  used  for  a 
relatively  short  time,  the  records  of  results  obtained  were  not  conclusive. 
There  are  so  many  important  and  variable  features  in  the  operation  of  a 
blast  furnace  that  test  runs  to  prove  smiall  differences  should  necessarily 
cover  a  longer  period  than  has  yet  been  given  in  this  case. 

The  adaptability  of  the  process  to  American  conditions  has  been  entirely 
demonstrated,  and  we  feel  that,  when  thoroughly  studied,  its  cheapness 
and  simplicity,  as  well  as  the  advantages  of  its  product,  will  give  it  as 
general  use  in  blast-furnace  practice  in  this  country  as  it  now  has  in 
Europe. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  a 
meeting  of  the  Institute.  If  this  is  impoMible,  then  discussion  in  writmg  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  Engineers,  29  West  89th  Street.  New  York,  n7y.  Unless  special  arrange- 
ment is  made,  the  discussion  of  this  paper  will  close  Feb.  1, 1914. 


Agglomeration  of  Flue  Dust  by  the  Chloride  of  Magnesium  Method  at 
the  AVorks  of  the  Sodete  John  Oockerill,  Seraing,  Belgium. 

BY  EMILE    HIERTZ,*  SERAING,  BELGIUM. 
(New  York  Meeting,  October,  1013.) 

The  first  press  was  installed  in  June,  1910,  and  the  second  in  March,1911. 

They  produce  1,000  briquettes  per  hour,  weighing  5  kg.  (11.05  lb.)  each, 
under  a  pressure  of  about  400  kg.  per  square  centimeter  (5,689.2  lb.  per 
square  inch). 

The  chloride  of  magnesium  is  received  from  the  potash  mmes  at  Hanover 
in  tank  cars  in  approximately  a  35  per  cent,  solution. 

The  quantity  of  solution  added  to  the  flue  dust  varies  between  2  and 
3  per  cent.,  so  that  the  briquettes  contain  about  1  per  cent  of  MgClj.  To 
fresh  dust  as  much  as  10  per  cent,  of  coke  breeze  may  be  added  and  bri- 
quettes made  that  still  have  a  crushing  strength  of  from  25  to  30  kg. 
(377  to  426.6  lb.  per  square  inch)  after  36  hr.,  and  45  kg.  (639.9  lb.  per 
square  inch)  after  six  days. 

After  having  treated  140,000  tons  of  the  material,  the  reports  of  the 
blast  furnaces  show  that  the  briquettes  improved  the  action  of  a  furnace 
and  produced  less  dust  than  did  Minette  ore.  As  much  as  35  per  cent,  of 
briquettes  is  added  to  the  furnace  charge  without  bad  effects  on  operations. 

The  presence  of  chlorine  did  not  produce  any  corrosion  in  the  furnace, 
downtakes  or  other  piping. 

The  presence  of  a  certain  amount  of  chlorine  in  the  dust  reduces  the 
amount  of  chloride  of  magnesium  which  it  is  necessary  to  add  for  briquet- 
ting. 

The  daily  production  at  present,  with  three  presses,  averages  200  tons. 

*  Non-member. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[8UBJBCT  TO  UBVISION.] 


Proceedings  of  the  One  Hundred  and  Sixth  Meeting, 
New  York,  N.  Y.,  October,  1913. 

COMMITTEES. 

Iron  and  Steel. 

Albert  Saaveur,  Chairman,  A.  A.  Stevenson,  Vic^Chairman, 

Herbert  M.  Boyiston,  Secretary^  Abbot  BIdg.,  Harvard  Sq.,  Cambridge,  Mass. 

LOCAL  COMMITTEES. 

Program  Oommittee. — A.  A.  Stevenson,  Chairman, 

Herbert  M.  Bojlston,  J.  E.  Johnson,  Jr., 

Henry  D.  Hibbard,  E.  Gybbon  Spilsbury. 

Reception  OommitUe. — J.  E.  Johnson,  Jr.,  Chairman, 
Felix  A.  Vogel,  William  R.  Walker. 

Dinner  Committee. — E.  Gybbon  Spilsbury,  Chairman, 

The  opening  session  was  held  on  Thursday  morning,  Oct.  16, 1913, 
at  the  Institute  Headquarters  in  the  Engineering  Societies  Building, 
29  West  89th  Street,  New  York,  N.  Y.,  and  was  called  to  order  hy 
President  Rand,  who  addressed  the  meeting  briefly  before  presenting 
Albert  Sauveur,  who  responded  to  the  President's  address,  and  pre- 
sided at  the  meeting. 

The  following  papers. were  then  presented  in  oral  abstract  by  their 
authors  or  authors'  representatives : 

The  Cleaniiig^  of  Blast-Furnace  Gas,  by  W.  A.  Forbes.  Discussed 
by  S.  K,  Varnes,  H.  N.  Diehl,  F.  H.  Wagner,  Joseph  Hartshorne,  S. 
B.  Marshall,  J.  W.  Richards,  J.  E.  Johnson,  Jr.,  W.  A.  Forbes,  and 
others. 

The  Generation  of  Steam  by  Waste  Heat  from  Furnaces,  by  F. 
Peter  (Leoben,  Austria). 

Note  on  the  Utilization  of  the  Waste  Heat  of  Regenerative  Fur- 
naces, by  George  C.  Stone. 

These  two  papers  were  discussed  jointly  by  D.  S.  Jacobus,  E.  B. 
Carter,  T.  T.  Read,  J.  W.  Richards,  J.  Hartshorne,  and  G.  C  Stone. 

Over-Oxidation  of  Steel,  by  W.  R.  Shimer  and  F.  0.  Kichline. 
Discussed  by  AUerton  S.  Cushman,  J.  E.  Johnson,  Jr.,  H.  D.  Hib- 
bard, H.  M.  Howe,  P.  H.  Griflin,  A.  Sauveur,  and  J.  W.  Richards. 

The  Slagging  Gas  Producer,  by  W.  H.  Blauvelt,  was  presented  by 
title  and  discussed  by  J.  W.  Richards  orally. 

The  second  session  was  called  to  order  at  2  p.m,  with  Joseph  W. 
Richards  acting  as  Chairman. 
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The  following  papers  were  presented  in  oral  abstract  by  their  au- 
thors, or  authors'  representatives : 

The  Use  of  Powdered  Coal  as  Fuel,  by  Richard  K.  Meade.  Dis- 
cussed by  W.  R.  Webster,  E.  W.  Parker,  A.  Stansfield,  D.  S.  Jacobus, 
P.  H.  Griffin,  J.  "W.  Richards,  H.  A.  Prosser,  Bradley  Stoughton,  W. 
R.  Shimer,  and  R.  K.  Meade. 

The  Use  of  Pulverized  Coal  as  a  Fuel  for  Metallurgical  Furnaces, 
by  H.  R.  Barnhurst.  Discussed  by  W.  A.  Evans,  J.  W.  Richards, 
H.  A.  Prosser,  T.  T.  Read,  P.  H.  Griffin,  A.  Stansfield,  K  Nibecker, 
and  H.  R.  Barnhurst. 

The  Use  of  Powdered  Coal  as  Fuel,  by  E.  W.  Shinn.  Discussed 
by  R.  W.  Hunt,  H.  A.  Prosser,  R.  Am  berg,  C.  C.  Carter,  J.  G.  Ho- 
man,  J.  E.  Johnson,  Jr.,  A.  A.  Stevenson,  W.  A.  Evans,  J.  W.  Rich- 
ards, S.  K.  Varnes,  H.  R.  Barnhurst,  R.  K.  Meade,  E.  W.  Parker,  W. 
R,  Dunn,  P.  H.  Griffin,  and  E.  W.  Shinn. 

The  Scoria  Process  for  the  Manufacture  of  Fine-Ore  Briquettes, 
Flue-Dust  Briquettes,  and  Slag  Brick  for  Building  Purposes,  by  E. 
Stiitz. 

The  Briquetting  of  Flue  Dust  in  the  United  States  by  the  Schu- 
macher Process,  by  F.  A.  Vogel. 

These  two  papers  were  discussed  jointly  by  H.  O.  Hofman,  J.  W. 
Richards,  F.  A.  Vogel,  and  E.  Stiitz. 

The  Use  of  Nodulized  Ore  in  the  Blast  Furnace,  by  R.  H.  Lee. 
Discussed  by  J.  E.  Johnson,  Jr.,  H.  M.  Howe,  and  J.  W.  Richards. 

Agglomeration  of  Flue  Dust  by  the  Chloride  of  Magnesium  Method 
at  the  Works  of  the  Soci6te  John  Cockerill,  Seraing,  Belgium,  by 
Emile  Hiertz. 

The  third  session  was  called  to  order  on  the  morning  of  Friday, 
Oct.  17, 1913,  at  10  a.m.     Albert  Sauveur  was  Chairman. 

The  following  papers  were  presented  in  oral  abstract  by  their 
authors,  or  authors'  representatives : 

Determination  of  the  Position  of  Ae3  in  Carbon-Iron  Alloys,  by 
H.  M.  Howe  and  A.  G.  Levy. 

Thermal  and  Microscopical  Examination  of  Professor  Howe's 
Standard  Commercial  Steels,  by  G.  K.  Burgess,  J.  J.  Crowe,  and  H. 
S.  Rawdon. 

Discussion  of  the  Existing  Data  as  to  the  Position  of  Ae3,  by  H. 
M.  Howe. 

These  three  papers  were  discussed  jointly  by  Alfred  Stansfield,  G. 
K.  Burgess,  K.  W.  Zimmerschied,  R.  H.  Sweetser,  Albert  Sauveur, 
H.  LeChatelier,  and  H.  M.  Howe. 
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The  Critical  Ranges  A2  and  A3  of  Pure  Iron,  by  G.  K.  Burgess 
and  J.  J.  Crowe.  Discussed  by  H.  M.  Howe,  Alfred  Stansfield,  A.  A. 
Stevenson,  Bradley  Stoughton,  Albert  Sauveur,  P.  H.  Griffin,  K.  W. 
Hunt,  and  G.  K.  Burgess. 

The  following  papers  were  presented  by  title : 

Ael,  The  Equilibrium  Temperature  of  Al  in  Carbon  Steel,  by  H. 
M,  Howe. 

A  Chart  for  Use  in  Connection  with  Wet  and  Dry  Bulb  Ther- 
mometers in  Making  Psychrometric  Determinations,  by  C.  P.  Lin- 
ville. 

The  Future  of  the  Chilled  Car  Wheel,  by  P.  H.  Griffin. 

The  fourth  and  last  session  was  called  to  order  by  R.  W.  Raymond 
at  2  p.m.  on  Friday  afternoon,  Oct.  17,  1913. 

The  following  papers  were  presented  in  oral  abstract  by  their 
authors,  or  authors'  representatives : 

The  Influence  of  Various  Elements  on  the  Absorption  of  Carbon 
by  Steel,  by  R.  R.  Abbott.  Discussed  by  J.  A.  Mathews,  Albert 
Sauveur,  and  M.  A.  Ammon. 

Shock  Tests  of  Cast  Steel,  by  J.  H.  Hall.  Discussed  by  H.  M. 
Howe,  W.  C.  Chancellor,  W.  R.  Webster,  Leonard  Waldo,  J.  E. 
Johnson,  Jr.,  Bradley  Stoughton,  and  William  Campbell. 

The  Influence  of  Copper  upon  the  Physical  .Properties  of  Steel,  by 
G.  H.  Clevenger.  Discussed  by  D.  A.  Lyon,  A.  S.  Cushman,  and 
R.  W.  Hunt. 

The  Life  of  Crucible  Steel  Furnaces,  by  J.  H.  Hall. 

Grain  Growth  in  Silicon  Steel,  by  W.  E.  Ruder.  Discussed  by 
H.  O.  Hofmftn,  P.  H.  Griffin,  A.  S.  Cushman,  H.  M.  Howe,  and  W. 
E.  Ruder. 

The  following  paper  was  presented  by  title : 

New  Design  of  Regenerators  for  Open-Hearth  Furnaces,  by  H.  F. 
Miller,  Jr. 

Robert  W.  Hunt  then  presented  a  resolution  urging  upon  the 
proper  national  government  committees  the  supreme  importance  of 
proper  financial  and  other  support  to  the  Bureau  of  Standards  and 
also  requesting  allied  kindred  American  scientific  and  commercial 
organizations  to  act  in  this  matter. 

The  meeting  closed  with  an  informal  dinner  at  the  Engineers' 
Club,  at  which  Mr.  Rand  presided.  Informal  toasts  were  responded 
to  impromptu  by  about  20  of  the  persons  present.  The  attendance 
at  the  meeting  was  151  members  and  40  guests. 


The  Position  of  Ae3  in  Carbon-Iron  Alloys. 

DiBCUBsion  of  the  papers  of  Messrs.  Howe  and  Levy,  Burgess,  Crowe  and  Rawdon,  and  H. 
M.  Howe,  presented  at  the  New  York  Meeting,  October,  1913,  and  printed  in  BuUeiin 
No.  78,  June,  1913,  pp.  1075  to  1136. 

Alfred  Stansfibld,  Montreal,  Canada: — ^In  ProfeBsor  Howe's 
paper  on  the  position  of  AeS,  he  shows  its  industrial  importance  in 
determining  the  temperature  to  which  steel  should  be  heated  for 

grain  refining."     Several  years  ago  I  carried  out  a  research  on  the 

burning  "  of  steel  and  found  that  while  hypo-eutectoid  steel  should 
be  heated  to  AeS,  hyper-eutectoid  steel  that  has  been  very  much 
overheated  must  be  reheated  to  the  curve  Sa  on  the  carbon-iron 
diagram,  in  order  to  redissolve  the  pro-eutectoid  cementite  and  thus 
to  obtain  recrystallization  and  grain-refining.  This  treatment  was 
necessarily  only  partly  successful,  and  I  should  like  to  ask  whether 
the  conditions  of  heat  treatment  for  refining  overheated  high-carbon 
steels  have  been  ascertained. 

Speaking  of  the  "  Persistence  of  Solidificational  Segregation  "  Pro- 
fessor Howe  quotes  an  experiment  made  by  Mr.  Stead  in  which  a  bar 
of  1.2  per  cent,  carbon  steel  was  immersed  in  a  large  mass  of  molten 
blast-furnace  slag  and  allowed  to  cool  with  it.  The  steel  was  heated 
above  the  solidus  (curve  Aa  on  the  carbon-iron  diagram),  but  below 
the  liquidus  (curve  AB).  A  drop  of  eutectic  carbon-iron  alloy,  rich 
in  carbon,  had  liquated  out  and  hung  below  the  bar.  This  agrees 
exactly  with  my  own  observations  on  the  burning  of  steel,  but  my 
interpretation  differs  somewhat  from  that  of  Professor  Howe.  Pro- 
fessor Howe  considers  that  the  fusion  of  a  part  of  the  metal  (rich  in 
carbon)  shows  that  the  solidificational  irregularities  of  composition 
had  persisted  through  the  rolling  and  heat  treatment  of  the  steel,  as 
otherwise  no  part  of  the  steel  would  have  been  sufficiently  fusible  to 
melt.  It  does  not  appear  to  me  that  such  an  explanation  is  neces- 
sary. A  piece  of  steel  represented  in  temperature  and  composition 
by  any  point  within  the  area  ABa  will  ultimately  resolve  itself  into 
a  solid  phase  and  a  liquid  phase  in  equilibrium  with  each  other.  It 
may  appear  that  if  the  steel  were  absolutely  uniform  no  fusion  could 
take  place,  but  the  smallest  nucleus  of  high-carbon,  fusible  alloy 
would  ultimately  bring  about  this  separation  into  liquid  and  solid 
phases,  by  diffusion  of  the  carbon  from  the  solid  to  the  liquid  areas. 
A  nucleus  sufficient  for  the  purpose  might  be  provided  by  an  area  of 
pro-eutectoid  cementite  which  had  not  become  diffused  during  the 
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heating  of  the  steel,  and  it  is  open  to  question  whether  even  this 
nucleus  would  be  necessary  to  produce  the  ultimate  separation  into 
solid  and  liquid  phases. 

The  liquid  phase,  if  1.2  per  cent,  carbon  steel  were  just  above  its 
solidus  temperature,  would  contain  about  2.5  per  cent,  of  carbon,  in- 
stead of  the  3  per  cent,  observed  by  Mr.  Stead.  When  steel  is  "  burnt" 
(heated  ab^ve  its  solidus  temperature)  the  liquid  phase  forms  between 
the  grains  of  steel  and  may  ultimately  flow  downward  into  the  lower 
part  of  the  piece  of  steel.  Such  a  segregate,  during  slow  cooling, 
would  become  still  richer  in  carbon  by  deposition  of  crystals  of  aus- 
tenite,  and  could  thus  easily  reach  3  per  cent,  or  more  of  carbon. 

In  §  29,  "  The  Influence  of  Manganese,"  discussing  the  effect  of 
manganese  on  the  carbon  content  of  the  eutectoid,  Professor  Howe 
argues.  Fig.  10,  that  a  lowering  of  the  carbon  content  of  the  eutec- 
toid  by  the  addition  of  manganese  would  probably  steepen  the  lines 
GO  and  OSy  and  as  no  steepening  has  been  observed,  he  infers  that 
the  carbon  content  of  the  eutectoid  is  not  lowered.  Without  discuss- 
ing the  general  question  whether  the  eutectoid  content  is  or  is  not 
lowered  by  manganese,  I  would  like  to  point  out  that  such  a  lower- 
ing might  take  place  without  any  steepening  of  the  curves  QOS. 

Let  us  suppose  that  the  curves  GO  and  OS  remain  of  the  same 
steepness,  but  that  the  points  6?,  0,  and  S  are  all  lowered  by  the  ad- 
dition of  manganese ;  then  if  these  points  are  all  lowered  equally  the 
carbon  content  of  the  points  0  and  S  will  remain  as  before,  but  if 
MO  is  lowered  less  than  G  the  distance  MO  will  decrease,  and  fur- 
ther, if  PS  is  lowered  less  than  MO  the  distance  (PS-MO)  will  de- 
crease ;  the  carbon  content  of  the  eutectoid  being  lowered  by  the 
sum  of  these  changes.  It  is  clear  then  that  the  carbon  content  of  the 
eutectoid,  when  manganese  is  added,  depends  on  the  relative  lower- 
ing of  the  points,  Ae^,  Ae„  and  Ae,,  and  not  merely  on  the  steepness 
of  the  curves  GO  and  OS. 

Hbnrt  M.  Howe  : — ^We  made  a  few  determinations  of  the  line  SEj 
but  I  am  not  prepared  to  draw  that  line  to-day.  It  is  not  at  all  of 
the  industrial  importance  of  the  line  A3,  first  because  but  a  small 
proportion  of  our  steels  are  hyper-eutectoid,  and  second  because  re- 
fining these  by  heating  to  SE  is  not  usually  wise.  In  common  prac- 
tice we  allow  free  ferrit^  to  accumulate  in  networks  in  hypo-eatectoid 
steel,  and  its  re-absorption  by  heating  to  A3  is  not  accompanied  by 
any  special  difficulties.  But  in  the  case  of  hyper-eutectoid  steel  the 
matters  are  very  different.  Free  cementite  is  not  usually  and  should 
not  be  allowed  to  form  a  coarse  network,  because  the  destruction  of 
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that  network  is  troublesome.  If  you  do  destroy  it  by  reheating  to 
SjEj  it  will  re-form  if  your  cooling  is  slow.  If  you  cool  rapidly  to 
prevent  re  forming,  you  may  easily  crack  the  steel.  Therefore  un- 
less the  conditions  are  such  that  the  cooling  from  SJE  can  be  accom- 
panied by  forging  to  prevent  the  formation  of  a  cementite  network, 
this  method  of  refining  is  unwise.  It  is  better  to  agglomerate  any 
free  cementite  into  rounded  and  relatively  harmless  masses  by  hold- 
ing at  slightly  below  Al,  than  to  attempt  to  refine  by  heating  to  SE. 

G.  K.  BuRGBSS,  Washington,  D.  C. : — The  particular  item  of  in- 
terest, it  seems  to  me,  is  that  the  thermal  study  and  the  micrographic 
study  of  these  specimens  give  practically  the  same  results,  within  the 
limits  of  observation.  This  is  extremely  encouraging  and  shows  that 
for  this  kind  of  work,  which  often  is  very  delicate,  we  can  work  with 
a  considerable  amount  of  confidence  by  one  or  the  other  method,  and 
obtain  within  reasonable  limits  the  same  results.  I  do  not  know  that 
I  have  anything  of  importance  to  add  to  what  Professor  Howe  has 
said  in  the  matter,  or  to  make  any  new  contribution  to  the  discus- 
sion. I  should  be  very  glad  to  hear  from  any  others  present  and  get 
their  criticism  of  any  of  the  results  which  have  been  obtained  and  the 
methods.  I  may  say  that  the  actual  curves,  cooling  and  heating 
curves,  are  not  as  satisfactory  as  I  could  have  wished,  as  they  have 
been  obtained  with  an  apparatus  which  was  in  a  state  of  development 
at  the  time,  such  that  possibly  the  cooling  curves  of  this  same  steel 
could  now  be  determined  with. more  definiteness  and  precision  than 
they  were  at  the  time  they  were  taken. 

K.  W.  ZiMMBRSCHiBD,  Detroit,  Mich. : — The  remarks  of  Professor 
Howe  on  the  expulsion  of  ferrite  harmonize  well  with  our  conceptions 
of  the  phase  rule.  In  any  stable  system  composed  of  two  or  more 
phases,  these  will  be  separated  by  definite  boundaries,  and  when  we 
consider  that  the  expulsion  he  mentions  takes  place  above  the  Arl 
point,  where  we  have  ferrite  separating  from  martensite,  it  is  evident 
that  all  the  necessary  conditions  for  the  phenomena  he  describes  are 
present. 

If  we  accept  this  explanation,  it  must  apply  also  to  other  con- 
stituents, and  we  have  evidence  that  it  does.  Some  years  ago  I  was 
investigating  certain  parts  of  the  carbon  diagram,  and  had  occasion 
to  quench  a  steel  containing  about  1.6  per  cent,  of  carbon  from  above 
the  line  of  first  fusion.  It  will  be  recalled  that,  on  cooling,  solidifica- 
tion begins  at  the  AB  line  and  becomes  complete  at  the  Aa  line ; 
between  these  two  we  have  mixtures  of  solid  and  liquid,  the  latter 
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higher  in  carbon  than  the  former.  On  heating,  the  reverse  tftkes 
place.  Starting  at  Acl  with  1.6  per  cent,  carbon  steel,  we  have  first 
the  formation  of  marten  site  from  the  pearlite  grains;  on  raising  the 
temperature  this  martensite  dissolves  the  excess  cementite  until  a 
homogeneous  solid  solution  results.  At  the  Aa  line  (about  1,800°  C. 
for  this  steel)  a  liquidus  forms,  but  since  this  must  be  higher  in  carbon 
then  the  average  of  the  mass,  some  local  concentration  in  carbon  must 
take  place. 

Fig.  15  shows  the  structure  resulting  from  quenching  this  steel  just 
above  this  point;  grains  of  austenite  and  martensite  are  surrounded 
by  films  of  what  appears  to  be  carbide  or  cementite. 

Fig.  16,  at  a  magnification  of  1,000  diameters,  illustrates  more 
clearly  what  is  happening  at  a  point  of  maximum  reaction — ^that  is, 
the  junction  of  four  grains  of  austenite ;  the  carbide  here  is  draining 
out  of  the  crystals.  On  quenching  from  a  higher  temperature  we  get 
an  advanced  stage. 

Fig.  17,  ut  500  diameters,  shows  a  decided  increase  in  the  amount 
of  liquidus,  which,  it  should  be  remarked,  cannot  be  quenched  fast 
enough  to  prevent  its  separation  into  two  phases  resembling  lede- 
burite  in  structure.  Fig.  18,  at  1,000  diameters,  gives  a  more  inti- 
mate view  of  the  situation. 

Attention  is  called,  in  passing,  to  the  remarkable  amount  in  twin- 
ning in  the  first  sample ;  in  some  fields  on  this  sample  almost  even- 
crystal  is  twinned. 

A  final  test  of  Professor  Howe's  hypothesis  should  be  made  on 
hyper-eutectic  steel.  If  such  a  sample  were  cooled  in  vacuo^  and  if 
the  formation  of  ferrite  on  the  surface  in  the  present  samples  is  not 
due  to  decarbbnization,  we  should  have  in  this  hyper-eutectic  steel 
an  outside  layer  of  carbide. 

With  regard  to  Professor  Stan  field's  remark  concerning  the  proper 
temperature  for  hardening  hyper-eutectic  steel  and  its  relation  to  the 
refining  of  hypo-eutectic  steel,  we  would  say,  as  a  result  of  our  experi- 
ence, that  an  anneal  above  the  SJE  line  may  be  necessary  to  refine  the 
grain  if  it  is  very  coarse,  but  that  such  a  temperature  is  wrong  for 
quenching.  On  holding  steel  just  below  Acl  the  cementite  agglom- 
erates into  spherules  between  the  grains  of  what  becomes  globular 
pearlite,  and  hardening  such  material  from  just  above  Arl  results  in 
a  martensite  with  undissolved  cementite  imbedded  in  the  grains — a 
structure  characteristic  of  a  large  class  of  most  successful  high-carbon 
parts. 
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FiQ.  16.— Same  Subject  as  Fio.  1 
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coalescence  into  visibility  possible,  and  the  rapidity  of  cooling  there 
is  far  greater  than  in  the  lower  part.  Of  these  5  sec.  not  more  than 
a  fraction  of  1  sec.  would  in  our  case  be  available  for  coalescence 
tending  towards  visibility. 

Beyond  this,  were  his  objection  well  founded,  then  we  should  have 
found  more  ferrite  in  the  axis  than  in  the  outer  parts  of  oar  speci- 
mens, because  of  the  slower  cooling  of  the  axis.  In  fact  this  never 
occurred.  In  passing,  I  am  very  familiar  with  Professor  Benedicks's 
classical  paper  to  which  Professor  Carpenter  refers.  Indeed  it  forms 
a  very  considerable  part  of  the  foundation  of  my  paper,  Why  Does 
Lag  Increase  with  the  Temperature  from  which  Cooling  Starts,*  in 
which  I  set  out  to  explain  some  of  the  phenomena  which  Benedicks 
there  records. 

As  is  pointed  out  on  pp.  1089  and  1123,  the  alleged  quenching 
ferrite  looks  very  different  from  the  compact  spots  of  pre-quenching 
ferrite,  into  which  the  ferrite  precipitated  or  remanent  during  our 
30-min.  holdings  coalesced.  Short  experience  will,  I  am  confident, 
convince  any  one  of  even  moderate  experience  with  the  microscope 
of  the  radically  different  looks  of  these  two.  In  our  precipitation 
experiments  we  found  it  necessary  to  preheat  the  specimen  to  1,000°, 
in  order  to  make  this  difference  between  quenching  and  pre-qUench- 
ing  ferrite  sharp  in  the  case  of  the  low-carbon  steels,  as  indicated  on 
p.  1079.  The  difference,  which  to  the  eye  is  striking,  is  not  well 
shown  in  a  photograph,  but  a  comparison  of  the  sharp  dots  of  pre- 
quenching  ferrite  in  Figs.  A  and  B  of  Row  10,  Plate  4,  with  the 
more  cloudy  Piece  I  of  Row  14,  Plate  5,  gives  an  idea  of  the  kind  of 
difference. 

Professor  Carpenter  is  mistaken,  I  am  confident,  in  holding  that 
the  liability  to  error  through  the  presence  of  quenching  ferrite  in- 
creases with  the  carbon  content.  The  opposite  is  true.  Note  that  the 
steels  in  which  the  supposed  quenching  ferrite  could  be  detected  had 
0.40  per  cent,  or  less  of  carbon.  This  is  primarily  because  the  pro- 
gressive decrease  in  the  quantity  of  ferrite  precipitable  as  the  carbon 
content  increases  retards  its  coalescence  into  visibility,  and  secondarily 
because  the  transformation  is  so  much  more  repressible  in  the  higher- 
carbon  steels." 


»«  Bvlletin  No.  75,  March,  1913,  pp.  479  to  485. 

^  Professor  Benedicks  refers  to  finding  quenching  ferrite  in  steel  of  0.42  per  cent  of 
carbon  quenched  rapidly  from  850.°  What  he  took  for  ferrite  maj  have  been  one  of  thote 
unexplained  light-colored  bodies  such  as  Heyn  noted  in  what  should  have  been  pure  mar- 
tensite.  Heyn's  light-colored  parts  were  probably  lighter-colored  martensite  which  omt 
well  be  heterogeneous.  On  pp.  1089-1090  we  call  attention  to  white  spottings  in  marteo- 
site  under  like  conditions.  The  martensite  quenched  from  the  lower  tempeimture  wis 
relatively  homogeneous  ;  that  quenched  from  the  higher  temperature  containing  spottings 
which  might  well  be  taken  for  ferrite,  but  certainly  were  not,  because  they  troostitiied 
black. 
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While  it  is  true  that  the  end  of  Ac3  cannot  be  detected  as  sharply 
as  the  beginning  of  ArS,  that  consideration  is  less  important  than 
the  much  greater  degree  of  lag  in  ArS  than  in  Ac8.  For  our  pur- 
pose AcS  is  a  better  guide  than  ArS  in  spite  of  its  being  less  sharply 
marked.  Beyond  this,  the  Ar  points  are  likely  to  be  brought  below 
Ael  by  being  not  saturation  but  supersaturation  points.  That  is  to 
say,  in  the  absence  of  ferrite  nuclei,  ferrite  may  refuse  even  in  infi- 
nite time  to  precipitate  even  well  below  AeS,  precipitating  only  on 
reaching  the  supersaturation  temperature,  at  which  from  being  meta- 
stable  it  becomes  labile.  That  there  is  such  a  metastable  region 
between  the  saturation  and  the  supersaturation  lines  is  strongly  indi- 
cated by  the  paper  of  Burgess  and  Crowe  on  The  Critical  Ranges  A2 
and  A3  of  Pure  Iron,  in  which  they  find  that,  even  for  zero  rate, 
AcS  is  invariably  higher  than  ArS. 

We  have  to  thank  Professor  Carpenter  for  calling  attention  to 
errors  in  Table  VIII.  These  errors  do  not  affect  the  argument  in  the 
least. 

The  apparently  decarburized  skin  found  by  Dr.  Rawdon  after  a 
vacuum  heating  of  a  previously  untreated  specimen  (p.  1095)  is  to  be 
referred,  not  to  decarburization,  but  to  ferrite  expulsion.  To  explain, 
my  theory  of  the  ferrite  and  cementite  network  is  that  each  grain  of 
mother  austenite  expels  to  its  outside  the  ferrite  to  which  it  gives 
birth,  as  mothers  in  general  expel  their  offspring,  or  as  the  eye  expels 
a  grain  of  sand.  In  the  crystallization  of  salts  from  aqueous  and 
other  solutions  the  same  occurs.  The  salt  precipitates  along  the  out- 
side of  the  liquor,  that  is  to  say  on  the  sides  of  the  vessel,  on  strings 
or  strips  suspended  in  it,  and  very  noticeably  on  the  upper  surface 
of  the  liquor,  each  of  which  is  in  effect  the  outside  of  the  liquor,  its 
surface.  In  like  manner  the  outer  surface  of  a  specimen  represents 
the  outer  surface  of  each  and  every  austenite  grain  which  abuts 
against  that  surface  while  the  metal  is  above  the  transformation 
range. 

When  in  machining  the  specimen  the  section  cuts  through  an  aus- 
tenite grain,  or  the  region  which  an  austenite  grain  will  later  tend  to 
occupy,  that  section  thereby  becomes  the  surface  of  that  present  or 
f  ature  grain,  exactly  as  a  string  hung  in  an  aqueous  solution  becomes 
thereby  part  of  the  outer  surface  of  that  solution.  Therefore  when 
in  cooling  through  the  transformation  range,  an  austenite  grain,  thus 
abutting  against  the  surface  of  the  specimen,  expels  to  its  outside  the 
ferrite  which  it  generates,  it  expels  it  perforce  to  that  surface  exactly 
as  if  that  surface  were  part  of  the  network  system,  which  indeed  it  is. 
Hence  the  border  of  ferrite  about  slag  iuclosures.     To  test  this,  speci- 


THK   POSITIOir   OF   AX8   IN   CARBON-IRON   ALLOTS. 


Fio.  19.— Htpo-iutkctoii)  Stkkl  or  0.40  Pbk  Cwit.  i 


Fio.  20.~Htfeb-edtectoid  Steel  op  1.45  Pbr  Cent,  or  Cabbok. 
The  pro-eutecloid  element  ia  rejected  (o  ever;  kiod  of  torfaoe,  iDclnding  tntenul  caritici. 
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mens  of  hypo-  and  hyper-eutectoid  steel  had  small  holes  cut  in  them, 
which  were  then  hammered  tightly  together  and  dipped  in  molten 
copper  to  seal  them  tight.  The  specimens  were  then  heated  above 
the  transformation  range  in  a  reducing  atmosphere  and  cooled  slowly. 
The  photographs,  Figs.  19  and  20,  show  how  the  ferrite  in  the  hypo- 
and  the  cementite  in  the  hyper-eutectoid  steel  were  thus  crowded  to 
the  surface  of  the  specimen,  f. «.,  to  the  walls  of  the  hole.  The  crowd- 
ing of  the  cementite  hither  cannot  represent  either  local  decarburiza- 
tion  or  local  carburization,  but  parietal  expulsion.  Dr.  Stead  has 
described  to  me  a  beautiful  experiment  in  which  he  crowded  the 
cementite  into  the  weld  between  two  pieces  of  hyper-eutectoid  steel. 
This  local  concentration  into  these  artificial  grain  boundaries  seenfs 
weaker  than  that  into  natural  ones. 

H.  L.  LbCuatblibr,  Paris,  France  (communication  to  the  Secre- 
tary *) : — I  have  read  with  great  interest  Prof.  H.  M.  Howe's  paper 
on  the  point  A3.  It  constitutes  the  most  important  progress  accom- 
plished in  our  knowledge  of  the  equilibrium  of  the  iron-carbon  sys- 
tem, since  the  first  researches  of  M.  Osmond.  Thermal  analysis 
permitted  its  author,  M.  Osmond,  to  develop  quickly  the  essential 
points  of  changes  of  constitution  in  steel,  as  related  to  its  tempera- 
ture. Following  his  example  the  same  method  was  successfully  ap- 
plied, particularly  in  the  laboratory  of  Professor  Tamman  at  Gottin- 
gen,  to  numerous  alloys.  This  very  interesting  way  of  marking  out 
for  the  first  time  a  field  of  research,  is,  however,  incapable  of  giving 
precise  results.  The  retardations  of  the  transformations,  due  to  pas- 
sive resistances,  so  obscure  the  chemical  phenomena  within  the  mass 
as  of  necessity  to  render  inexact  all  determinations  made  at  varying 
temperature;  and  the  numerous  experiments  repeated  under  these 
conditions  have  taught  us  nothing  new.  Possibly  Professor  Howe 
has  taken  too  much  pains  to  analyze  and  classify  the  results  of  these 
old  experiments. 

On  the  other  hand,  the  measurements  which  he  has  made  by  heat- 
ing to  constant  temperature  present  very  great  importance.  His 
method  consists  essentially  in  heating  a  steel  to  a  fixed  temperature 
for  a  period  long  enough  to  permit  the  establishment  of  structural 
equilibrium ;  then  quenching  it  in  order  to  fix  the  structure ;  and 
finally  annealing  it  at  350°  C,  in  order  to  transform  the  martensite 
into  osmondite  (troostite),  easily  recognizable  by  metallographic  tests. 

These  experiments  established  at  once,  what  had  not  been  known 
with  precision  before :  namely,  that  heating  a  steel  to  a  fixed  tem- 

*  Received  Sept  17,  1913. 
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perature  for  30  min.  suffices  to  bring  it  to  its  state  of  chemical  equi- 
librium. This  is  highly  important,  not  only  from  the  view-point  of 
laboratory  research,  but  also  from  that  of  industrial  operations,  be- 
cause it  determines  the  period,  which  need  not  be  exceeded,  for  ren- 
dering the  metal  homogeneous  and  regenerating  its  structure,  whether 
after  overheating  or  simply  before  quenching. 

The  experiments  of  Professor  Howe  enabled  him  to  draw  the  cnrre 
of  solubility  of  ferrite  in  austenite.  According  to  his  paper,  the 
figures  are  : 

Percentage  of  carbon 0.0 

Temperatare,  deg.  C 912 

The  determinations  for  hyper-eutectoid  steels  are  not  sufficiendv 

numerous  to  permit  the  tracing  of  the  curve  of  solubility  of  cemen- 
tite  in  austenite  to  the  superior  limit,  corresponding  with  thefasion- 
temperature  of  the  eutectic  cementite-austenite.  There  is  room  for 
some  new  determinations,  to  determine  this  second  branch  of  the 
curve.  These  experiments  are  highly  delicate,  because,  in  spite  of  a 
very  rapid  cooling,  the  hyper-eutectoid  austenite  always  decomposes 
during  quenching,  and  leaves  long  parallel  lamellse  of  cementite  iso- 
lated in  the  midst  of  its  grains.  Thus  the  structure  is  not  absolntelj 
fixed  by  the  quenching;  nevertheless,  there  should  not  be  very  great 
uncertainty  in  the  interpretation  of  the  results. 

The  method  of  Professor  Howe  permits  numerous  applications  of 
perhaps  still  greater  importance  for  the  study  of  non-ferrous  alloys. 
In  the  ease  of  iron,  we  know  at  least  in  a  qualitative  way  the  progress 
of  the  phenomenon.  There  is  nothing  to  do  but  to  determine  in 
addition  the  points  of  a  curve  of  solubility,  the  form  of  which  nobody 
doubts.  This  is  far  from  being  the  case  with  certain  important  alloys, 
like  those  of  copper,  and  among  them  most  especially,  brass.  In  this 
last  instance,  we  are  not  even  certain  of  the  exact  nature  of  the  com- 
binations formed. 

Professor  Howe's  method  is  evidently  a  very  slow  one,  since  each 
sample  must  be  heated  half  an  hour  (perhaps  longer  for  the  other 
alloys  mentioned)  before  quenching,  and  the  same  operation  must  be 
repeated  for  each  of  a  series  of  successive  temperatures.  Time  might 
be  saved  by  making  each  experiment  with  a  large  number  of  samples, 
heated  at  the  same  time  and  quenched  in  the  same  bath. 

It  would  be  possible,  even,  to  operate  upon  alloys  by  superposition, 
the  interest  of  which  as  a  means  of  accelerating  metallographic  re- 
searches I  pointed  out  long  ago.  It  would  be  necessary  only  to  scale 
the  superposition  at  from  1  to  2  cm.  of  height,  so  as  to  be  able  to  cot 
samples  for  chemical  analyses  at  the  transition-point  for  the  particular 
temperature  of  quenching  employed. 
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At  all  events,  the  work  of  Professor  Howe  constitutes  a  notable 
advance  in  our  knowledge  of  alloys.  Apparently,  however,  after  so 
great  a  number  of  researches  with  regard  to  them,  there  were  but 
few  new  ideas  to  be  brought  forward. 

Albert  Sauvbur,  Cambridge,  Mass. ; — In  the  work  described  by 
Professor  Howe  in  the  three  papers  he  presents  at  this  meeting,  he 
has  rendered  to  metallurgists  such  service  as  he  only  could  render. 
The  important  contributions  to  metallurgical  science  from  Professor 
Howe's  ever  productive  and  matchless  pen  constantly  add  to  our 
knowledge  and  command  our  increasing  respect,  admiration,  grati- 
tude, and  affection. 

The  questions  which  he  discusses  to-day  are  not,  as  he  well  said,  of 
a  purely  academic  character,  for  it  is  of  much  practical  importance  to 
know  the  exact  position  of  the  industrially  important  critical  points. 

Daring,  indeed,  and  reckless,  the  one  who  would  face  Professor 
Howe's  formidable  battery  of  facts  in  an  attempt  to  dislodge  from  the 
intrenched  position  where  he  has  placed  them  the  points  Ael  and 
Ae3.  For  my  part,  I  am  well  satisfied  with  these  positions,  and  I 
think  they  should  be  used  in  the  construction  of  future  equilibrium 
diagrams. 

The  determination  of  the  position  of  the  Ae3  point  by  micrographic 
methods  by  Professor  Howe  and  Mr.  Levy  is  a  beautiful  piece  of 
work,  indicative  of  manipulative  skill  of  a  high  order.  The  mech- 
anism of  the  reabsorption  of  ferrite  as  hypo-eutectoid  steel  is  heated 
through  its  critical  range,  so  well  described  on  p.  1090,  is  most  inter- 
esting and  suggestive ;  for  upon  that  absorption  depends  essentially 
the  effectiveness  of  the  annealing  of  such  steels. 

Professor  Howe's  discussion  of  the  existing  data  as  to  the  position 
of  Ae8  is  a  scholarly  production  of  such  nature  as  to  preclude  adverse 
criticism.  The  author  has  so  well  anticipated  every  possible  objection 
to  his  treatment  of  the  subject  as  to  afford  little  comfort  to  the  criti- 
cally inclined  reader, — a  feature,  it  might  be  added,  so  characteristic 
of  Professor  Howe's  writings. 

I  should  like  to  say  a  few  words  in  regard  to  the  determination  of 
the  line  SE.  I  should  like  to  call  attention  to  the  fact  that  the  de- 
termination of  that  line  is  not  of  the  same  industrial  importance  as 
the  determination  of  the  GOS  line  of  hyper-eutectoid  steel,  because  the 
latter  indicates  the  proper  annealing  temperature  for  such  steel,  it 
being  essentially  the  refining  temperature  of  hyper-eutectoid  steel, 
and  therefore  of  very  great  industrial  importance.  The  SE  line  is 
not  the  refining  temperature,  industrially  speaking  at  least,  of  hyper- 
eutectoid  steel;  therefore  it  is  not  of  the  same  importance.     If  we 
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desire  to  refine,  u  e.j  to  destroy  the  existing  coarseness  of  strncture 
of,  high-carbon  steel,  we  heat  it  slightly  above  the  Al  point ;  we  do 
not  bring  it  above  the  cementite  line  because  we  would  lose  more  than 
we  gain.  The  very  small  amount  of  free  cfementite  which  is  present 
in  such  steel  is  not  to  be  compared,  as  far  as  its  action  on  the  strac- 
ture  is  concerned,  with  40,  or  50,  or  60  per  cent,  of  ferrite  in  hjper- 
eutectoid  steel.  Therefore,  should  we  attempt,  in  refining,  to  bring 
the  heat  above  the  cementite  line,  we  would  be  sure  to  cause  absorp- 
tion of  the  cementite,  but  we  would  also  coarsen  the  austenitic  struc- 
ture, and  therefore  the  resulting  structure  after  cooling.  So  it  is 
evident  to  me  that  the  SJE  line,  from  an  industrial  point  of  view,  is 
not  of  the  same  importance  as  the  A8  line. 

There  is  one  more  point  that  I  should  like  to  bring  out,  not  that  it 
is  not  known,  but  that  it  is  often  overlooked,  and  that  is  the  influence 
of  the  temperature  from  which  cooling  begins  upon  the  location  of  the 
Al  point.  Some  of  us  know  that  there  iiS  such  an  influence.  The 
higher  the  temperature  from  which  cooling  begins — I  think  I  am 
right — the  lower  the  position  of  the  Al  point.  We  have  done  a 
little  experimenting  at  Harvard  in  that  line,  and  I  have  some  results 
that  appear  to  confirm  that  statement. 

Henry  M.  Howe  : — ^I  have  not  very  much  to  say,  except  to  say  that 
I  am  profoundly  touched  by  the  kind  words  that  you  have  spoken. 

This  matter  of  the  lowering  of  the  recalescence  point  by  reason  of 
higher  and  higher  temperature,  that  has  been  shown  so  very  interest- 
ingly by  Professor  Sauveur,  was  first  noticed  by  Osmond  in  his 
original  "  Transformations."  The  reason  appears  to  me,  as  I  pointed 
out  at  our  last  meeting  here,  that  at  the  higher  temperatures  a  greater 
number  of  crystalline  nuclei  are  destroyed.  That  is  to  say,  if  you  heat 
only  just  above  Al  or  A8,  as  the  case  may  be,  you  have  a  vast  num- 
ber of  crystallized  nuclei  left  there ;  as  the  temperature  rises  and  as 
time  goes  on,  those  nuclei  are  destroyed.  When  you  cool  down 
again  it  is  the  presence  of  those  nuclei  that  determines  the  recales- 
cence. If  the  nuclei  were  completely  destroyed,  you  would  probably 
have  to  go  to  a  pretty  low  temperature  to  bring  about  recalescence. 
At  a  temperature  only  relatively  above  Al  there  is  still  an  abundance 
of  those  nuclei,  and  the  transformation  is  therefore  brought  about  or 
precipitated  by  those  nuclei. 

I  cannot  sit  down  without  expressing  orally  to  those  who  are  present 
my  great  gratitude  for  the  assistance  and  support  which  my  collabora- 
tor, Mr.  Levy,  has  given  me  in  all  this  work.  It  would  have  been 
impossible  to  carry  it  out  without  him.  His  faithful,  as  well  as  ex- 
tremely intelligent  collaboration,  I  want  to  acknowledge. 


The  Use  of  Pulverized  Coal  as  a  Fuel  for  Metallurgical  Furnaces. 

DiflcusBion  of  the  paper  of  H.  B.  Bamhonty  preeented  at  the  New  York  Meeting,  October, 
1913,  and  printed  in  BuUeUn  No.  82,  October,  1913,  pp.  2523  to  2532. 

H.  R.  Barnhurst  : — ^I  would  say  that  in  that  experimental  furnace 
we  were  trying  to  adopt  the  proper  form  for  burning  low-volatile 
coal.  I  was  enabled  on  one  occasion  to  burn  coke  having  15  per 
cent.  ash.  Tailings,  or  washings  from  the  preparation  of  coal  for 
by-product  coke  ovens,  which  came  to  me  52  per  cent,  ash,  were 
burned  without  any  trouble.  So  that  ash  really  might  be  regarded 
as  not  burning,  but  simply  diluting  the  fuel  that  was  there,  without 
doing  any  particular  harm  except  that  we  had  to  put  in  more  of  the 
material  to  get  the  same  quantity  of  heat.  With  anthracite,  I  burned 
coal  right  along  with  from  24  to  27  per  cent,  ash,  but  it  took  a  fur- 
nace of  peculiar  form  in  which  the  products  of  combustion  had  to  be 
diverted  to  the  point  of  entrance  of  the  fuel.  With  an  ordinary  fur- 
nace the  fuel  is  deflagrated  by  its  surroundings  as  soon  as  it  enters 
the  furnace.  In  a  cement  furnace  this  action  is  secured  by  the  hot 
clinker  passing  down,  and  the  walls  of  the  kiln  are  heated  upon  con- 
tact with  it,  revolving  as  they  do,  so  that  deflagration  occurs  very 
quickly  in  a  cement  kiln.  Deflagration  would  occur  very  quickly 
in  an  open-hearth  furnace  also.  There  is  no  trouble  in  burning  an- 
thracite coal  under  those  conditions  for  three  or  four  days  succes- 
sively. It  should  be  very  well  dried  and  thoroughly  pulverized. 
Aside  from  that,  there  is  no  trouble. 

William  A.  Evans,*  Boston,  Mass. : — In  a  52  per  cent,  ash,  or 
any  high-ash  coal,  what  disposition  is  made  of  the  ash  ? 

Mr.  Barnhurst: — Most  of  it  went  out  through  the  flues.  Some 
of  it  remained  in  the  boiler  and  a  quantity  remained  in  the  furnace. 
We  raked  it  out  and  carried  it  away. 

Mr.  Evans  : — ^Do  you  experience  the  forming  of  slags  in  flues  with 
such  coal  as  that  ? 

Mr.  Barnhurst  : — With  perfect  combustion  I  do  not  think  there 
is  any  difliculty  about  slag  forming.  If  combustion  is  interrupted, 
then  it  will  slag  on  most  any  surface,  but  if  the  ash  is  removed 
promptly,  say  within  half  or  three-quarters  of  an  hour  or  an  hour, 

*  Non- member. 
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the  anthracite  coal  will  pass  off  as  a  hot  dast ;  bot  if  it  stays  there 
longer,  it  gradually  cakes  and  at  the  end  of  three  or  four  hours  will 
become  troublesome. 

Mr.  Evans  : — At  what  temperature  will  it  slag  ? 

Mr.  Barnhurst  : — I  cannot  say  exactly. 

Mr.  Evans  : — I  thought  the  forming  of  slag  over  beyond  the  hearth 
of  the  reverberatory  furnace  would  not  apply  because  of  the  high 
temperature  carrying  it  beyond  the  hearth  and  the  forming  of  a  slag 
with  a  very  high  ash  coal. 

Mr.  Barnhurst  : — ^I  think  the  slags  would  vary  according  to  their 
composition  in  the  furnace.  In  the  furnace  I  used,  the  slags  did  not 
form  at  all.  As  the  heat  was  prolonged  the  tendency,  however,  was 
more  manifest. 

H.  A.  Prosser,  New  York,  N.  T. : — This  trouble  of  slag  from  the 
ash  choking  the  flue  occurred  at  Cananea  some  time  ago  when  they 
were  experimenting  with  powdered  coal.  It  also  occurred  at  the  old 
Highland  Boy  smelter,  where  similar  experiments  were  made.  The 
furnace  at  Cananea  started  out  very  well  indeed,  and  then  the  ton- 
nage diminished  every  day,  until  at  the  end  of  three  or  four  days  the 
flue  was  so  filled  up  that  they  had  to  stop  the  operating. 

Mr.  Barnhurst  . — I  think  a  little  prevision  might  have  avoided 
that.  The  last  time  I  was  in  the  western  part  of  the  State  I  visited 
an  open-hearth  furnace  that  had  been  running  six  or  eight  weeks 
continuously  and  had  not  stopped  at  all.  There  was  no  accumulation 
that  was  detrimental  at  that*  time. 

Mr.  Prosser  : — The  gentleman  in  charge  of  both  of  these  plants 
expressed  the  opinion  that  these  troubles  could  be  overcome,  and 
since  then  there  have  been  built  two  reverberatory  furnaces  at 
Copper  Cliff  which  are  burning  powdered  coal ;  these  furnaces  have 
very  large  flues,  and  I  am  told  they  are  running  very  well  indeed. 
I  would  like  to  ask  if  waste-heat  boilers  can  be  used  with  powdered 
coal,  or  whether  the  dust  causes  any  trouble  in  the  waste-heat  boilers 
of  reverberatory  furnaces. 

Mr.  Barnhurst  : — I  see  no  reason  why  the  dust  would  not  blow 
out  just  as  freely  as  in  the  ordinary  type  of  furnace. 
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Mr.  Prosber: — In  the  ordinary  waste-heat  boilers  on  oil-fired 
copper-smelting  reverberatory  furnaces  the  question  of  blowing  the 
dust  off  the  tubes  is  quite  important ;  if  this  is  not  attended  to,  the 
boilers  will  not  perform  proper  work,  and  with  this  powdered  coal 
fuel  I  suppose  you  get  a  great  deal  more  dust  in  the  boilers,  so  there 
will  be  more  blowing  off  to  be  done.  It  is  rather  hard  to  get  the 
men  to  do  it  properly. 

Mr.  Barnhurst  : — ^In  the  Babock  &  Wilcox  boilers  there  is  gener- 
ally provision  for  blowing  the  boilers  off.  My  experiments  were  con- 
ducted mainly  on  a  Rust  vertical-tube  boiler  and  there  was  no  deposit 
there,  nor  was  there  any  deposit  at  the  base  of  the  stack.  With  the 
fine  pulverized  coal  nearly  all  of  the  ash  went  out.  The  grosser 
particles  of  the  coal,  those  that  would  not  probably  pass  100  mesh, 
would  possibly  stay  in  the  furnace,  and  to  that  is  charged  the  ash 
that  remains  there.  In  burning  a  ton  an  hour  under  a  boiler,  we  did 
not  get  more  than  30  or  40  lb.  of  ash,  and  we  could  rest  for  three  or 
four  hours  and  not  do  anything,  but  then  we  found  it  began  to  cake 
and  we  had  to  take  it  out.  There  was  about  a  wheelbarrow  full. 
We  find  the  best  way  to  jget  a  good  constant  product  is  to  take  it  out 
every  hour. 

T.  T.  Read,  New  York,  N.  T, : — In  the  field  of  copper  smelting 
the  metallurgist  is  confronted  by  undesirable  alternatives.  If  the 
coal  ash  is  infusible  it  will  give  less  trouble  through  sticking  to 
boiler  tubes  and  flue  walls,  but  it  then  makes  an  undesirable  addition 
to  the  smelting  charge.  Coal  ash  from  bituminous  coal  averages 
about  20  per  cent.  Fe^Oj  and  85  per  cent.  SiO^,  so  that  its.  infusibility 
is  largely  due  to  its  high  content  of  Aifi^  (15  per  cent.).  The  reason 
why  no  trouble  is  experienced  on  this  score  at  Copper  Cliff  is  because 
conditions  are  unusual  and  the  charge  is  very  basic,  the  slag  ranging 
from  28  to  30  per  cent.  SiO^.  In  ordinary  copper  smelting  the 
metallurgist  is  between  the  two  horns  of  the  dilemma,  and  is  apt  to 
be  impaled  on  one  or  the  other. 

H.  A.  Prossbr  : — When  slime  is  used  for  fettling  in  copper  smelt- 
ing it  very  often  forms  what  is  called  a  siliceous  blanket  over  the 
furnace,  and  this  reduces  the  tonnage  smelted.  Usually  if  you  have 
proper  combustion  and  high  enough  temperature  in  the  furnace,  you 
can  melt  this  scum.  I  imagine  this  trouble  they  have  mentioned, 
due  to  the  ash  falling  on  the  charge,  is  something  of  that  nature. 
This  trouble  was  experienced  by  Sorenson  at  the  Highland  Boy,  and 
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by  Shelby  at  Cananeay  when  firing  with  powdered  coal,  but  they  both 
expressed  the  opinion  that  the  ultimate  result  would  be  satisfactory  if 
they  were  permitted  to  continue  to  experiment,  which  they  were  not 

P.  H.  Griffin,  New  York,  N.  Y. : — ^I  would  like  to  ask  Mr. 
Barnhurst  what  experience  he  had  in  using  checker  work. 

Mr.  Barnhurst  : — My  only  experience  in  that  has  been  the  obser- 
vation of  two  or  three  open-hearth  furnaces  where  the  checker  work 
is  used  in  the  ordinary  way.  No  change  was  made  in  that  Most  of 
the  trouble  in  using  pulverized  coal  has  been  from  the  excessive  heat 
obtained  in  the  beginning,  and  it  is  only  by  providing  some  way  to 
adjust  the  air  supply  carefully  that  the  heat  can  be  kept  down.  If 
you  merely  put  in  air  enough  to  burn  fuel,  you  will  have  an  excessive 
heat,  giving  you  trouble. 

Mr.  Griffin  : — ^I  asked  the  question  because,  of  course,  it  is  well 
known  that  in  the  old  days  when  they  used  cold  blast  in  the  blast 
furnace  they  got  the  best  quality  of  cast  iron.  To-day  they  are  mak- 
ing it  in  the  same  way.  Now,  what  would  be  the  eflect  on  the  product 
of  the  furnace  operated  in  that  way  if  you  used  the  hot  blast  as  com- 
pared with  the  cold  blast  ? 

Mr.  Barnhurst  : — I  must  refer  you  to  Professor  Richards's  paper. 

Alfred  Stansfield,  Montreal,  Canada : — I  have  recently  seen  the 
furnaces  at  Sudbury,  and  they  were  working  very  well  with  pow- 
dered coal.  The  ores  are  not  high  in  silica,  and  therefore  there  is 
not  the  trouble  that  has  been  experienced  elsewhere  from  ashes 
covering  up  the  slag  and  making  an  infusible  scum.  At  the  time  of 
my  visit,  in  the  spring  of  this  year,  boilers  were  used  to  recover  the 
waste  heat  from  the  reverberatory  furnaces  fired  with  powdered  coal, 
and  I  understand  that  they  were  giving  satisfaction. 

T.  T.  Read  : — ^I  asked  the  people  at  Sudbury,  and  I  understood 
them  to  say  that  they  had  tried  waste-heat  boilers  there  and  found 
they  cut  down  the  draft  too  much.  It  was  merely  a  question  of 
draft,  as  I  understood  the  man  in  charge  of  the  plant 

Chairman  Richards  : — I  have  heard  from  some  direction  that  the 
use  at  Sudbury  is  so  successful  that  the  Anaconda  Company  are 
going  to  adopt  the  same  system  as  that  in  use  at  Sudbury  in  their 
large  reverberatories  at  Anaconda,  where  they  have  boilers  for  utiliz- 
ing the  waste  heat.  Therefore  their  engineers  must  be  convinced 
that  the  system  will  work  with  their  furnaces. 
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Karl  Nibbckbr,*  Toungstown,  Ohio: — Mr.  Barnhurat  said  that 
he  had  burnt  coal  with  a  high  ash  in  boilers.  I  would  like  to  ask 
whether  he  has  found  excessive  erosion  and  wear  of  boiler  and  set- 
ting with  this  high  ash.  Can  he  tell  us  the  air  pressure  at  which  he 
burned  this  powdered  coal,  and  what  the  percentage  of  ash  was  ? 

Mr.  Barnhurst  : — I  found  that  when  the  blast  was  brought  down 
to  very  low  pressure  and  the  air  blast  was  but  enough  to  produce 
the  heat  desired  there  was  very  little  trouble. 

A  Member  : — What  was  the  practice  observed  in  open-hearth  fur- 
naces ? 

Mr.  Barnhurst: — The  coal  was  projected  by  an  80-lb.  air  blast 
through  a  f-in.  pipe.  This  pipe  was  surrounded  by  a  pipe  3  in.  in 
diameter  through  which  coal  was  introduced  with  air  at  1  lb.  pressure. 
That  was  only  putting  in  about  15  or  20  per  cent,  of  the  total  air  re- 
quired for  the  furnace.  Using  those  high  pressures  you  get  the  long 
flame  that  you  were  speaking  of  a  few  moments  ago.  By  projecting 
the  fuel  very  rapidly  and  giving  it  insufficient  air  at  first,  you  will  get 
a  longer  flame,  because  additional  air  must  be  taken,  as  that  coal  in 
the  core  comes  to  the  surface,  and  is  exposed  to  the  oxidizsing  effect 
of  the  air  that  is  coming  in.  In  that  way  a  long  flame  can  be  made ; 
but  coal  mixed  with  the  proper  amount  of  air  will  burn  right  back 
to  the  nozzle  and  you  will  have  a  short  flame  and  more  perfect  com- 
bustion. 

H.  A.  Prosser  : — In  relation  to  the  comparison  of  fuel  oil  and  coal, 
the  figures  were  given  that  11  gal.  of  oil  are  equivalent  to  110  lb.  of 
powdered  coal.  This  figures  out  that  from  2,000  lb.  of  coal  you  get 
the  same  heat  effect  that  you  would  get  from  5  barrels  of  oil,  approxi- 
mately, and  we  know,  as  Mr.  Stoughton  has  said,  that  in  ordinary 
non-powdered  coal  practice  that  figure  is  from  3  to  3J  barrels  of  oil 
equivalent  to  1  ton  of  coal;  this  seems  to  bring  out  the  fact  that  we 
get  much  less  efficiency  from  powdered  coal. 

R.  C.  Carpenter,  Ithaca,  IST.  Y.  (communication  to  the  Secre- 
taryt): — ^I  think  that  Mr.  Barnhurst  would  confer  a  favor  on  the 
members  of  the  Institute  by  inserting  drawings  showing  a  standard 
layout  of  grinding  machinery,  coal  bins,  and  burners  for  supplying 
pulverized  coal  to  a  cement  kiln.  These  drawings  would  give  a 
much  clearer  idea  of  the  construction  than  the  description. 

*  Non-member. 

t  Received  Nov.  19,  1913. 
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There  is  no  direct  statement  in  Mr.  Barnhurst^s  paper  respecting 
the  explosive  nature  of  coal  dust,  but  in  one  of  his  paragraphs  a 
statement  is  made  which  has  a  bearing  on  this  point.     Mr.  Barnhurst 
states  that  pulverized  coal  should  always  be  handled  as  a  solid  and 
not  as  a  dust  cloud.     This  caution  is  a  very  important  one  to  be 
observed  in  construction,  since  coal  dust  when  suspended  in  air  is  an 
explosive  mixture  which  is  readily  fired,  and  under  such  conditioos 
is  nearly  as  dangerous  as  gunpowder.     In  the  early  days  of  coal-dust 
burning  in  the  cement  industry  there  were  many  disastrous  explo- 
sions, which  caused  on  the  whole  an  extensive  loss  of  life.    If  the 
coal  dust  can  be  conveyed  in  such  a  way  that  it  will  not  be  mixed 
with  air,  or  at  least  so  that  sufficient  air  for  combustion  is  not  mixed 
with  it,  there  is  little  or  no  danger  of  an  explosion.     Such  conditions 
will  give  a  slow  burning  rather  than  explosive  burning  and  little  or 
no  damage  is  likely  to  be  done. 

It  strikes  me  that  Mr.  Barnhurst's  paper  does  not  set  forth  very 
clearly  the  early  difficulties  that  were  experienced  in  coal  burning  in 
the  cement  industry.  I  spent  a  great  deal  of  time  in  developing  suc- 
cessful processes  of  burning  pulverized  coal  in  its  first  application  for 
use  in  cement  kilns.  The  difficulties  were  due  to  many  other  things 
than  improper  grinding,  and  in  addition  to  developing  the  proper 
apparatus  quite  a  long  period  of  education  was  required  to  produce 
skilled  men  capable  of  getting  results. 

The  burning  of  pulverized  coal  proved  to  be  very  different  practi- 
cally from  the  burning  of  oil,  which  had  previously  been  used  exten- 
sively in  the  cement  industry. 

It  is  interesting  to  note  that  up  to  the  present  time  pulverized  coal 
has  not  been  successfully  burned  under  boiler  furnaces,  although 
many  thousands  of  dollars  have  been  spent  in  the  attempt  This 
calls  attention  to  the  fact  that  the  successful  burning  of  powdered 
fuel  needs  favorable  conditions.  The  actual  combustion  must  take 
place  with  the  coal  particle  in  suspension  and  there  must  be  no  im- 
pingement of  the  particle  against  solid  materials,  like  parts  of  the 
setting,  until  after  the  combustion  is  completed.  This  latter  condi- 
tion is  nearly  impossible  to  meet  in  boiler  furnaces.  In  metallurgi- 
cal furnaces  I  believe  the  success  will  depend  upon  conditions. 
Where  the  furnace  is  of  such  a  form  that  the  coal  particle  can  be 
completely  burned  while  in  suspension  and  before  impinging  on  any 
portion  of  the  furnace,  success  may  be  expected.  On  the  other  hand, 
where  the  metallurgical  furnace  is  contracted  so  that  solid  parts  will 
be  impinged  on  by  the  flame,  pulverized  coal  will  probably  not  be 
efficient  or  successful. 
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In  the  cement  industry  pulverized  coal  is  generally  burned  with  a 
minimum  supply  of  air;  as  a  rule,  the  air  supply  for  cement  kilns  is 
not  regulated  but  the  amount  of  fuel  is  varied  so  as  to  maintain  the 
highest  temperature.  Maximum  efficiency  in  cement  kilns  is  usually 
obtained  when  a  small  amount  of  carbon  monoxide  appears  ip  the 
discharge  gases,  and  in  many  of  the  cement  plants  the  combustion  is 
regalated  to  maintain  such  conditious.  This  action  has  the  same 
effect  as  the  regulation  of  the  air,  although  it  can  be  useful  only 
where  there  is  a  demand  for  all  the  heat  that  can  be  produced. 


The  Use  of  Nodulized  Ore  in  the  Blast  Furnace. 

Diflcuflsion  of  the  paper  of  Kobert  Heniy  Lee,  presented  at  the  New  York  Meeting,  Octo- 
ber, 1913,  and  printed  in  BuUeUn  No.  82,  October,  1913,  pp.  2615  to  2522. 

J.  E.  Johnson,  Jr.,  New  York,  N.  Y. : — This  sabject  is  of  great 
and  increasing  importance,  as  the  exhaustion  of  the  deposits  of  ore 
of  ideal  character  compels  the  iron  industry  to  turn  more  and  more 
to  those  which  are  less  desirable  on  account  of  physical  structure  as 
well  as  analysis.  Thus  there  has  come  about  the  use  of  the  Mesabi 
ores  in  this  country  and  also  of  the  Minette  ores  in  Europe,  which 
produce  far  greater  percentages  of  fine  dust  than  did  the  lumpy  ores 
first  used.  It  is  a  matter  of  common  knowledge  that  the  utilization 
of  this  flue  dust,  containing  commonly  50  per  cent,  or  more  of 
metallic  iron,  has  been  a  problem  very  difficult  and  tedious  of  solu- 
tion. The  number  and  variety  of  the  solutions  now  offered  is  a  suffi- 
cient proof  of  this. 

I  have  no  intention  of  going  into  the  merits  or  demerits  of  any  of 
these  processes  as  such,  bat  there  are  certain  considerations  concern- 
ing the  effect  of  their  product  on  the  operation  and  fuel  economy  of 
the  blast  furnace  which  I  believe  to  be  new  and  which  I  desire  to 
bring  out. 

There  are  two  methods,  so  different  as  almost  to  be  direct  oppo- 
sites  of  each  other,  whereby  an  ore  may  exercise  an  unfavorable 
effect  on  the  economy  of  the  blast  furnace.  The  first  of  these  is  well 
known  and  results  from  the  ore  being  refractory  and  highly  resistant 
to  the  action  of  the  reducing  gases  of  the  blast  furnace.  This  results 
in  its  being  incompletely  reduced  when  it  reaches  the  zone  of  fusion 
and  in  the  reduction  being  finished  by  the  direct  action  of  carbon  in 
the  lower  portion  of  the  furnace.  This  is  so  well  understood  as  to 
need  little  elaboration  or  comment. 

There  is,  however,  another  action  which  may  be  equally  as  fatal  to 
the  economy  of  the  furnace  as  the  foregoing,  and  as  this  point  is,  to 
the  best  of  my  knowledge,  not  generally  appreciated,  it  is  one  upon 
which  I  desire  to  lay  particular  stress.  This  consists  in  the  ore 
being,  in  a  sense,  too  reducible. 

A  short  time  ago  I  received  authentic  data  giving  some  details  of 
the  present  operation  of  one  of  the  largest  and  best  plants  in  the 
country.  I  was  struck  by  two  salient  points  in  these  data :  First, 
that  the  fuel  consumption  averaged  about  2,150  lb.  of  coke,  analyzing 
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88.5  per  cent,  of  fixed  carbon;  second,  that  only  about  51.5  cu.  ft.  of 
air  at  60°  F.  were  required  to  burn  a  pound  of  coke.  I  knew  that 
this  plant  had  formerly  made  fuel  records  over  long  periods  of  about 
1,700  lb.  of  coke,  and  while  I  had  no  figures  of  blast  required  per 
pound  of  coke  in  that  practice,  I  had  figures  giving  this  for  very 
similar  practice  at  another  plant  and  at  about  the  same  time.  This 
figure  was  70  cu.  ft.  of  air  per  pound  of  coke. 

These  two  facts,  considered  in  conjunction  with  some  extensive 
investigations  I  made  earlier  in  the  year  concerning  charcoal  practice, 
gave  the  explanation  of  these  two  great  changes :  namely,  in  coke 
consumption  and  in  blast  requirements. 

In  the  earlier  days,  before  the  introduction  of  the  Mesabi  ores  as  a 
major  portion  of  furnace  burdens,  the  old  range  ores  constituted  the 
principal  ore  supply.  These  are  exclusively  of  two  kinds — ^lump  and 
soft — ^the  soft  being  so  sticky  that  it  will  stand  on  an  almost  vertical 
slope,  and  will  scarcely  run  at  all.  Therefore,  when  these  ores  were 
charged  into  the  furnace  they  could  not  and  did  not  run  down  into 
intimate  contact  with  the  coke,  except  on  the  top  surface  of  the  latter, 
with  direct  contact  between  the  two  virtually  only  in  one  plane. 
With  the  Mesabi  ores  all  this  was  changed.  These  ores,  being  fine 
and  sandy,  as  soon  as  they  are  dried  in  the  upper  regions  of  the  fur- 
nace run  almost  like  a  liquid  down  through  the  interstices  of^  the 
coke  as  the  charges  descend  and  the  points  of  contact  between  the 
two  are  increased  to  a  vast  extent. 

It  is  well  known  that  the  oxygen  of  ore  in  contact  with  carbon  will 
attack  the  latter  and  carry  it  away  with  extreme  rapidity,  irrespective 
of  the  composition  of  the  surrounding  gas  and  throughout  the  entire 
range  of  temperatures  occurring  in  the  upper  regions  of  the  furnace. 
This  well-known  action  could  go  on  in  the  older  practice  only  along 
the  single  plane  of  contact  between  the  ore  and  the  coke,  but  with 
the  great  preponderance  of  Mesabi  ores,  which  run  down  freely 
through  the  interstices  in  the  coke,  it  can  now  take  place  throughout 
almost  the  entire  coke  charge,  thus  dissolving  away  a  great  percent- 
age of  the  coke  in  the  upper  levels  of  the  furnace.  This  is  proved  by 
the  small  quantity  of  blast  required  to  burn  the  coke. 

The  theoretical  quantity  required  for  this  purpose  may  be  easily 
calculated:  2,150  lb.  of  coke  at  88.5  per  cent,  fixed  carbon  contains 
1,900  lb.  of  fixed  carbon ;  deducting  from  this  90  lb.  to  cover  the 
carbonization  of  the  iron  and  a  little  loss  through  gas  escaping 
around  the  bosh,  we  have  1,810  lb.  of  carbon  to  be  burned  per  2,150 
lb.  of  coke  charged  into  the  furnace,  or  84.1  per  cent,  of  the  weight 
of  the  coke. 


2866    THB  USE  OF  NODULIZBD  ORE  IN  THE  BLAST  FURNACE. 

The  oxygen  required  to  burn  a  pound  of  carbon  to  CO  is  IJ  lb. 
The  air  required  is  ^^  times  as  much,  or  5.8  lb.  of  air  per  pound  of 
carbon.  As  the  coke  gives  only  84.1  per  cent  of  fixed  carbon  to  be 
burned,  this  would  require  4.9  lb.  of  air.  Air  at  60**  P.  weighs 
0.0768  lb.  per  cubic  foot.  Therefore,  64.2  cu.  ft.  would  be  required 
to  burn  a  pound  of  coke  at  the  tuyeres  under  these  conditions.  A& 
a  matter  of  fact,  only  51.5  cu.  ft.,  or  80  per  cent,  of  this  amount,  was 
required.  In  other  words  one-fifth  of  the  whole  amount  of  coke 
must  have  been  dissolved  by  the  direct  action  of  the  ore  and  carried 
out  the  top  of  the  furnace  without  ever  getting  into  the  hearth  at  all. 

It  may  be  well  to  state  here  that  the  figures  of  blast  actually  used 
were  obtained  by  an  expert  and  covered  the  results  of  an  investiga- 
tion extending  over  several  years. 

If  any  mistake  due  to  leakage  occurred,  its  effect  would  be  to 
diminish  still  further  the  quantity  of  air  actually  used  and  so  make 
the  case  stronger  instead  of  weaker. 

These  figures  enable  us  to  determine  with  considerable  accuracy 
the  amounts  of  carbon  actually  burned  in  the  hearth  in  the  two  cases. 
For  present  conditions  we  have  1,810  lb.  of  carbon  available  for  the 
hearth,  of  which  80  per  cent.,  or  1,450  lb.,  is  actually  burned  by  the 
blast.  In  the  old  practice  1,700  lb.  of  coke  at  88.5  per  cent,  of  fixed 
carbon  gave  1,505  lb.  of  fixed  carbon.  Deducting  from  this  90  lb. 
for  carbonization  of  the  iron,  etc.,  we  have  left  1,415  lb.  Of  this  we 
may  assume  that  5  per  cent,  was  lost  by  solution  by  the  gas  in  the 
upper  portion  of  the  furnace,  leaving  a  net  of  1,850  lb.  to  be  burned 
by  the  blast.  This  is  just  100  lb.  less  than  reaches  the  hearth  under 
present  conditions.  The  difference  is  to  be  accounted  for  by  the  rela- 
tive leanness  of  the  ores  used  to-day  as  compared  with  those  used  in 
former  practice. 

It  is  commonly  considered  that  the  decreased  percentage  of  iron  in 
the  ore  and  the  simultaneous  increase  in  silica  is  wholly  responsible 
for  the  decline  in  fuel  economy  above  mentioned,  but,  in  my  judg- 
ment, this  belief  is  without  adequate  foundation.  It  is  true  that  the 
lumpy  ores  of  Lake  Superior  averaged  at  one  time  almost  60  per 
cent,  in  iron  and  that  the  average  furnace  burden  to-day  averages 
only  50  or  51  per  cent.,  but  this  change  is  due  in  large  part  to  the 
fact  that  the  softer  and  finer  ores  contain  several  times  as  much  mois- 
ture as  the  lumpy  ores  of  an  earlier  day.  Five  or  six  per  cent  of  mois- 
ture was  normal  20  years  ago,  whereas  many  ores  to-day  contain  from 
12  to  15  per  cent,  and  not  infrequently  5  or  6  per  cent,  of  combined 
water  in  addition.  The  increase  in  silica  has  probably  not  been  as 
great  as  might  appear  on  casual  examination,  for  the  same  reason. 
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It  is  doabtful  if  furnace  burdens  ever  averaged  less  than  5  per  cent, 
in  silica  and  the  bulk  of  the  ores  in  use  to-day  probably  do  not 
average  over  8  per  cent.  It  must  not  be  forgotten  either  that  there 
has  been  an  increased  tendency  to  increase  the  silica  in  the  mixture 
deliberately  in  order  to  get  a  larger  slag  volume,  this  probably  being 
necessitated  by  the  greater  volume  of  sulphur  which  the  increased 
coke  consumption  introduces  itlto  the  furnace.  Looking  at  the  matter 
from  another  point  of  view,  it  is  doubtful  if  the  slag  volume  per  ton 
of  iron  to-day  is  greater  than  1,100  or  1,200  lb.,  and  in  the  old  days 
it  was  probably  never  less  than  800  lb.  Such  an  increase  in  the  slag 
volume  should  produce  an  increase  in  the  coke  consumption  of  only 
about  100  lb.  as  against  an  increase  of  four  or  five  times  that  amount 
which  has  actually  taken  place.  For  these  reasons,  the  view  that  the 
increasing  leanness  of  the  ore  accounts  for  the  increase  in  fuel  con- 
sumption does  not  seem  to  be  tenable,  but  rather  that  the  change  is 
caused  chiefly  by  the  physical  condition  of  the  ore. 

I  was  recently  told  by  some  friends  that  the  best  figures  obtainable 
from  the  use  of  the  Dwight-Lloyd  cellular  sinter  in  furnaces  increased 
the  fuel  economy  of  those  furnaces  to  a  greater  extent  than  could  be 
accounted  for  by  the  greater  richness  of  the  material.  I  confess  that 
I  received  this  statement  at  the  time  with  that  politely  concealed 
skepticism  which  is  so  frequently  necessary  in  such  matters,  but  after 
realizing  the  enormous  loss  caused  by  excessively  fine  ores  in  modern 
practice  it  occurred  to  me  that  there  was  probably  much  more  truth 
in  the  claims  of  the  advocates  of  a  cellular  sinter  than  I  had  at  first 
been  willing  to  admit.  My  experience  with  the  dense  varieties  of 
nodules  which  may  be  called  "  artificial  magnetites  "  has  been  such 
as  to  make  me  extremely  doubtful  of  any  claims  of  increasing  fuel 
economy  by  their  use,  especially  in  conjunction  with  more  reducible 
ores,  but  this  spongy  or  completely  cellular  material  must  be  ad- 
mitted to  have  the  maximum  of  advantage  from  the  point  of  view  I 
have  just  attempted  to  bring  out.  The  material  is  lumpy  and  angu- 
lar, and  therefore  has  a  minimum  of  points  of  contact  with  the  coke, 
and  for  this  reason  the  solution  loss  of  the  coke  must  be  small,  as 
with  lump  ores.  These  properties,  due  to  its  peculiar  structure,  mark 
it  as  a  distinctly  new  metallurgical  product. 

On  the  other  hand,  the  material  is  of  so  open  a  structure  that  a  gas 
current  can  pass  through  it  as  freely  as  the  draft  passes  through 
it  during  the  process  of  its  production.  Its  cell  walls  are  extremely 
thin  and  therefore  its  exposure  to  the  heating  and  reducing  action  of 
the  gas  is  a  maximum,  with  a  minimum  of  exposure  to  the  coke,  thus 
Bimultaneously  promoting  indirect  or  gaseous  reduction  and  cutting 
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off  direct  reduction  through  contact  with  the  coke,  with  correspond- 
ing benefit  to  the  fuel  economy. 

It  is  easily  conceivable  that  a  layer  of  this  material  charged  imme- 
diately on  top  of  the  coke  would  act  as  a  mattress  to  cut  off  the 
passage  of  finer  ore  charged  on  top  of  it  and  so  promote  economy  to 
an  even  greater  extent  than  the  quantity  charged  would  lead  one  to 
estimate. 

The  artifically  prepared  ores  from  the  rotary  kiln  have  not  these 
advantages.  It  is  true  that  they  are  in  larger  pieces  than  the  fine 
Mesabis,  but  their  bulk  per  unit  of  weight  is  not  nearly  so  great  as 
that  of  the  cellular  sinter,  while  the  small  round  pellets  which  com- 
prise so  great  a  portion  of  the  whole  mass  of  nodules  are  in  the  ideal 
state  for  running  down  through  the  coke  to  the  maximum  possible 
extent.  On  the  other  hand,  the  pores  which  may  be  formed  in  this 
material  to  permit  egress  of  the  gas  evolved  on  heating  it  are  sealed 
and  welded  shut  by  the  continual  rolling  which  it  undergoes  during 
the  process  of  formation.  The  nodules  also  have  a  minimum  ratio  of 
surface  to  mass;  therefore  their  exposure  to  the  gas  is  the  smallest 
possible.  For  this  reason  this  material  is  likely  to  reach  the  zone  of 
fusion  very  largely  unreduced,  requiring  to  be  reduced  there  with 
direct  carbon  and  high  heat. 

I  have  operated  a  furnace  on  a  mixture  of  three-quarters  brown  ore 
and  one-quarter  of  such  nodules,  and  I  know  that  more  fuel  was 
required  as  well  as  greater  time  in  the  furnace  and  conseqaent 
reduction  of  output,  though  the  furnace  was  very  slowly  driven  to 
begin  with. 

Considering  these  facts,  it  seems  to  me  likely  that  a  burden  of  a 
cellular  sintered  material  should  give  better  fuel  economy  than  either 
fine  reducible  ore  on  one  side  or  nodulized  ore  on  the  other.  The 
figures  that  I  have  given  above  from  actual  practice  show  the  loss 
resulting  from  the  use  of  fine  ore,  and  are  an  indication  that  this 
saving  may  be  of  very  great  commercial  importance.  They  suggest 
that  making  a  cellular  sinter  of  the  fine  portions  of  Mesabi  and  other 
ores  and  concentrates  would  effect  a  great  economy  in  the  furnace,  in 
spite  of  the  current  opinion  on  the  subject.  It  points  a  way  toward 
attaining  the  low  fuel  economy  of  20  years  ago. 

Henry  M.  Howe,  New  York,  N.  Y. :  If  that  theory  were  true, 
wouldn't  it  be  immediately  reflected  in  the  compositions  of  gases  ? 
Wouldn't  you  have  an  immediate  check  on  that  theory  in  that  way? 
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J.  E.  Johnson,  Jr.  : — Any  change  in  fuel  economy  is  always  shown 
absolutely  in  the  composition  of  the  top  gases,  but  we  have  no  means 
of  distinguishing  oxygen  which  comes  from  the  air  from  oxygen 
which  comes  from  the  ore,  and  consequently  low  CO^  in  the  top  gases 
does  not  indicate  whether  we  have  a  high  solution  loss  or  bad  hearth 
conditions.  The  top-gas  analysis  is  only  an  indication  of  a  condition 
which  shows  itself  much  more  quickly  and  plainly  in  other  ways  than 
it  does  in  the  gas  analysis. 


The  Critical  Ranges  A2  and  A3  of  Pure  Iron. 

DiflcusBion  of  the  paper  of  G.  K.  Burgess  and  J.  J.  Crowe,  presented  at  the  New  York 
Meeting,  October,  1913,  and  printed  in  Bvilelin  No.  82,  October,  1913,  pp.  2537  to 
2591. 

Henry  M.  Howb,  New  York,  N.  Y. : — I  think  we  can  hardly  over- 
rate the  importance  of  the  entry  of  the  Bureau  of  Standards  into  our 
field.  There  is  no  body  in  the  world  that  is  better  fitted  to  undertake 
this  work  than  that  Bureau,  and  it  is  work  which  really  calls  for  the 
aid  of  some  national  organization.  The  skill  and  care  with  which 
this  work  has  been  done  speaks  for  itself. 

It  is  very  striking  that  within  a  very  few  months  the  distinguished 
English  investigator,  Professor  Carpenter,  of  whom  I  spoke  before, 
thought  that  he  had  disproved  the  existence  of  beta  iron  by  pronng 
that  the  A2  retardation  which  Professor  Burgess  has  now  demon- 
strated did  not  occur.  Dr.  Burgess's  demonstration  of  the  existence 
of  this  retardation  makes  the  existence  of  beta  iron  very  probable,  iu 
my  opinion. 

Osmond  used  to  call  beta  iron  "  decipuum."  You  knew  of  its  exist- 
ence as  you  know  of  the  existence  of  certain  planets,  only  by  the 
perturbation  which  it  caused.  Certain  phenomena  could  not  be  ex- 
plained, except  by  assuming  the  existence  of  a  third  allotropic  form, 
beta  iron.  The  evidence  that  you  got  was  always  evasive  and  sus- 
ceptible of  other  explanations,  except  that  which  we  have  to-day, 
which  it  seems  to  me  is  not  capable  of  other  explanation. 

Professor  Carpenter  proceeded  in  the  same  way  that  Dr.  Burgess 
has,  by  taking  the  heating  and  cooling  curves  of  exceedingly  pure 
iron,  and  thought  that  he  had  shown  that  there  was  no  thermal 
change,  no  absorption  or  evolution  of  heat  at  the  supposed  A2  point, 
and  hence  that  the  A2  point  did  not  exist  This  he  did  by  a  piece  of 
reasoning  which  I  think  seems  to  most  of  us  rather  surprising.  That  is 
to  say,  if  of  ten  witnesses,  three  have  seen  a  thing  and  seven  have  not, 
the  evidence  of  the  seven  who  have  not  is  set  aside,  and  that  of  the 
three  who  have  seen  stands.  In  Dr.  Carpenter's  own  experiments  under 
certain  conditions  he  found  the  A2  change,  the  heat  evolution;  under 
certain  others  he  did  not.  That  is  like  the  three  witnesses  who  saw 
and  the  seven  who  did  not  see.  You  can  arrange  your  test  so  that 
this  change  will  not  become  visible  or  so  that  it  is  masked.  But 
though  an  existent  change  can  be  masked  a  non-existent  one  cannot 
be  shown.     So  that  the  reasoning  seemed  to  me  wholly  fallacious. 
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Professor  Benedicks  started  some  months  ago,  about  a  year  ago,  to 
call  our  attention  to  the  fact  that  our  ideas  of  allotropy  were  very 
much  mistaken  in  one  respect,  that  we  looked  at  an  allotropic  change 
as  something  which  must  needs  occur  at  a  definite  temperature. 
Water  freezes  at  zero  and  boils  at  100.  That  was  a  very  natural 
conception  when  we  first  thought  of  allotropy,  and  only  had  the  allo- 
tropy of  carbon,  sulphur,  phosphorus,  those  very  striking  cases,  in 
mind ;  but  now  we  find  allotropy  on  every  hand. 

There  is  no  question,  I  suppose,  now  that  water  above  the  freezing 
point  consists  of  water  with  ice  dissolved  in  it.  As  the  temperature 
shifts  you  get  that  reversal  of  density  above  the  freezing  point.  That 
reversal,  which  is  a  progressive  and  not  an  instantaneous  one,  means 
that  the  quantities  of  water  and  of  ice  present — not  visible  ice,  of 
course,  but  ice  dissolved  in  water — change  progressively  through  a 
continuous  smooth  curve.  By  means  of  a  like  case  of  allotropy  Pro- 
fessor Benedicks  brought  attention  to  the  fact  that  these  allotropic 
changes  may  be  continuous,  they  may  be  spread  out  through  a  range 
of  temperature,  and  may  occur  through  a  perfectly  smooth  curve, 
giving  no  sign  of  their  existence  to  a  superficial  observer. 

What  Professor  Carpenter  did  was  to  cause  the  A2  or  beta  allo- 
tropic change  to  take  place  through  so  smooth  a  curve  that  in  many 
cases  no  break  was  detected.  He  assumed  that,  because  he  did  not 
always  detect  a  break,  there  was  no  allotropic  change,  which  was  not 
good  reasoning.  Failure  to  detect  a  break  might  represent  either 
(1)  absence  of  an  allotropic  change,  or  (2)  the  presence  of  an  allo- 
tropic change,  occurring  so  progressively  and  continuously  that  (a)  it 
caused  no  break,  as  none  is  detected  in  passing  the  maximum  density 
of  water,  or  finally  (6)  that  the  break  caused  could  not  be  detected 
under  the  special  conditions  of  the  experiment.  The  fact  that  Dr. 
Burgess  now  detects  this  break  with  absolute  certainty  shows  that 
this  last  is  the  reason  why  Professor  Carpenter  failed  to  find  a  break 
under  certain  conditions ;  his  method,  though  sensitive,  was  not  sensi- 
tive enough. 

Alfred  Stansfibld,  Montreal,  Canada ; — ^I  have  great  pleasure  in 
expressing  my  admiration  for  the  work  of  Dr.  Burgess,  and  I  am  in- 
terested to  learn  something  more  about  the  point  Ar2. 

A  number  of  years  ago  I  showed  the  existence  of  this  point  in  elec- 
trolytic iron,  which  was  deposited  directly  on  the  thermocouple  to 
avoid  the  possibility  of  any  carbon  entering  it.  At  that  time  we  were 
not  beyond  reproach  in  the  matter  of  gases  present  in  the  iron,  al- 
though a  good  deal  of  hydrogen  was  removed  by  heating  in  vacuo ; 
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bat  as  the  Ar2  point  was  observed  at  the  same  temperature  in  low- 
carbon  steel  it  did  not  seem  possible  that  hydrogen  could  cause  this 
evolution  of  heat.  Experiments  with  mild  steel  showed  that  Ar2  was 
not  due  to  hydrogen,  and  experiments  with  electrolytic  iron  showed 
that  it  was  not  Hue  to  carbon  or  other  impurity,  so  that  we  had  no 
doubt  that  Ar2  ^aa  an  evidence  of  some  change  in  the  iron  itsell 

I  was  therefore  surprised  to  learn  that  the  authenticity  of  the  Ar2 
point  has  been  called  in  question,  and  I  am  glad  to  see  that  it  has 
been  resuscitated  and  properly  authenticated.  In  my  experience  I 
found  the  Ar2  point  not  only  on  the  line  MOy  but  also  following  a 
continuation  of  this  line  to  the  right  of  0.  I  supposed  th^t  this  was 
due  to  the  irregular  distribution  of  carbon  within  the  mass.  Perhaps 
the  external  portion  of  the  steel  was  somewhat  decarburized,  and 
that  would  give  the  Ar2  point  when  the  average  carbon  content  was 
over  0.45  per  cent. 

In  regard  to  my  discussion  of  Professor  Howe's  paper,  I  should 
say  that  the  work  to  which  I  was  referring  was  of  a  very  unusoal 
and  entirely  uncommercial  character.  I  was  working  on  the  burning 
of  steel.  All  the  steel  specimens  were  carried  up  into  the  range  AaB 
and  deliberately  burned.  Steel  having  1.5  per  cent,  of  carbon  showed 
a  very  coarse  crystalline  fracture ;  great  leaf-like  crystals  could  be 
seen  with  the  naked  eye  spreading  over  practically  the  whole  surface 
of  the  fracture.  In  order  to  break  up  that  structure  and  restore  to 
some  extent  the  fineness  of  the  grain,  I  found  it  necessary  to  reheat 
the  steel  to  the  line  Sa,  That  seemed  to  be  the  only  way  to  obtain 
any  reduction  of  the  size  of  the  grain  by  heat  treatment  alone,  al- 
though it  was  of  course  impossible  to  obtain  a  very  fine  grain  by 
heating  the  steel  to  this  temperature. 

A.  A.  Stevenson,  Philadelphia,  Pa. : — I  would  like  to  call  atten- 
tion to  a  point  brought  out  by  Professor  Le  Chatelier  calling  atten- 
tion to  the  industrial  value  of  time  limit,  as  determined  by  Dr.  Howe, 
for  holding  the  piece  at  a  fixed  temperature.  As  I  understand  it,  Dr. 
How^e's  experiments  were  made  with  pieces  of  small  mass.  The  time 
required  to  give  the  best  results  will  depend  largely  on  the  mass  of 
the  piece.  Dr.  Burgess  tells  me  he  hopes  to  conduct  some  experi- 
ments at  the  Bureau  of  Standards,  using  samples  of  dimensions  such 
as  we  have  to  deal  with  in  commercial  work.  The  results  of  such  ex- 
periments will  certainly  prove  of  interest  and  value. 

Bradley  Stoughton,  New  York,  N.  Y. : — ^I  can  testify  to  that  in 
confirmation  of  what  Mr.  Stevenson  says.     I  know  that  the  makers 


THB  CRITICAL  BANGES  a2  AND  a3  OF  PURE  IRON.      2878 

of  cast-steel  rolls  of  very  large  diameter  heat  them  up  for  several  days, 
and  even  after  that  treatment  when  the  neck  of  the  roll  is  broken  off 
they  often  find  a  section  in  the  very  center  which  is  not  refined.  Of 
course,  theoretically  that  is  impossible,  because  the  heat  conductivity 
of  the  iron  should  certainly  carry  the  temperature  into  the  center  of 
the  roll  in  a  very  short  time.  But  unfortunately  the  people  who  buy 
and  pay  for  the  rolls  are  not  theorists,  and  they  will  not  accept  the 
academic  ideas  on  that  subject.  If  a  roll  is  broken  and  is  not  refined 
in  the  center  it  is  rejected  and  it  is  a  cause  of  pretty  serious  loss  to 
some  of  the  steel  foundries.  So  it  would  now  be  a  very  valuable  con- 
tribution to  our  knowledge  if  we  could  get  some  idea  of  how  long  it 
is  necessary  to  heat  large  masses  of  steel  in  order  to  refine  them  to 
the  center. 

A.  A.  Stevenson: — Referring  to  what  Secretary  Stoughton  has 
said,  in  my  opinion  the  question  of  time  required  to  heat  up  should 
not  alone  be  given  consideration,  but  also  the  effects  of  various 
lengths  of  time  in  cooling. 

Paul  Weillbr,  Perth  Amboy,  N.  J. : — One  of  the  most  important 
of  processes  is  just  the  rolling  of  heavy  steel,  and  this  rolling  is  going 
on  nearly  always  between  the  critical  ranges  of  temperature.  It 
seems  to  me  it  would  be  very  important  to  know  how  critical  tem- 
peratures are  affected  by  high  pressure  occurring  in  rolling.  Every- 
body knows  that  in  rolling  a  good  many  phenomena  are  observed 
that  were  hardly  explained  till  now.  I  think  an  investigation  in  this 
line  would  be  very  useful. 

As  to  the  definition  of  allotropy,  this  has  been  done  in  a  very  exact 
way  by  Willard  Gibbs  and  Bakhuis  Roozeboom.  Every  allotropy  is 
connected  with  a  definite  vapor  pressure  for  a  definite  temperature, 
and  different  allotropies,  of  course,  have  different  vapor  pressures  for 
the  same  temperature,  and  the  crystal  form  is  wholly  incidental.  It 
might  be  that  two  different  allotropies  have  the  same  crystal  form. 
It  is  not  the  rule,  but  it  may  be.  From  every  temperature  the  allot- 
ropy with  the  lowest  vapor  pressure  is  the  stable  form  and  all  the 
others  are  instable. 

P.  H.  Griffin,  New  York,  N.  Y. : — ^It  is  important  to  secure,  if 
possible,  the  interest  of  manufacturers  in  the  work  that  has  to  be 
done.  I  think  many  of  the  gentlemen  present  have  had  some  experi- 
ence with  the  attitude  in  the  past  of  some  of  the  larger  manufactur- 
ing institutions  toward  work  like  this.     I  think  this  work  is  the  most 
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iraportant  that  has  ever  been  taken  up  in  this  country.  That  is  to 
say,  it  is  coming  out  at  a  time  when  there  is  more  of  a  disposition  on 
the  part  of  all  concerned  to  take  it  favorably,  to  get  in  connection 
with  it.  I  have  had  considerable  experience  in  practical  manufactur- 
ing, and  know  more  or  less  of  the  attitude  of  practical  manufacturers 
toward  work  of  this  kind,  and  the  difficulty  always  has  been  to  get 
them  to  realize  its  value  and  importance.  I  think  that  is  due  to  two 
facts.  The  first  one  is  that  naturally  a  good  deal  of  it  is  Greek  to 
them.  They  are  not  chemists,  they  are  not  men  who  understand  the 
terms  and  other  things  that  they  have  to  understand  to  keep  in  touch 
with  the  work.  And  then  again  a  great  deal  of  work  is  done  by 
practical  men,  who,  generally  speaking,  have  the  idea  that  practice 
and  theory  are  two  such  totally  different  things  they  never  will  come 
together.  So  far  as  the  work  of  the  Bureau  of  Standards  is  con- 
cerned, it  is  really  the  only  place  in  this  country  where  something  of 
this  kind  can  be  done  after  the  work  of  the  different  institutions  has 
been  brought  together.  This  is  by  far  the  largest  and  most  important 
subject  in  the  whole  history  of  iron  and  steel  in  this  country — ^that 
is,  in  its  possibilities.  I  want  to  emphasize  the  need  of  getting  the 
co-operation  of  bodies  or  associations  of  manufacturers  or  others;  and 
particularly  of  the  mechanical  men  in  them,  the  men  that  do  not  very 
often  get  into  these  meetings,  because  they  can  throw  a  great  deal  of 
light  on  this  subject  if  you  can  only  get  them  to  talk.  They  can  tell 
you  their  experience  in  working  large  amounts  of  these  materials.  If 
you  can  get  those  men  to  take  that  action  it  will  make  a  sort  of  public 
opinion  back  of  the  work  that  the  Bureau  of  Standards  can  do.  The 
Bureau  of  Standards  is  a  branch  of  the  Department  of  Commerce, 
and  the  Department  of  Commerce  has  to  have  some  backing  to  do 
this  thing.  It  is  more  or  less  like  what  the  Agricultural  Department 
is  doing  for  the  farmer,  and  the  iron  and  steel  manufacturers  are 
getting  more  or  less  into  a  position  like  that  of  the  farmer  where  they 
are  asking  the  co-operation  of  bodies  like  this  one  and  of  the  govern- 
ment. 

Chairman  Sauveur  : — I  am  sure  that  we  do  desire  the  co-operation 
of  all  iron  and  steel  makers  if  we  want  to  get  results.  Meanwhile  I 
think  we  are  extremely  fortunate  in  having  the  Bureau  of  Standards 
ready  to  take  up  these  important  questions,  and  I  for  one  will  look 
forward  to  extremely  important  contributions  from  them. 

The  Institute  is  to  be  congratulated  on  having  secured  for  perma- 
nent record  in  its  Transactions  a  paper  of  such  importance  and  time- 
liness.    Dr.  Burgess  and  Mr.  Crowe's  work  in  demonstrating,  beyond 
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any  possible  doubt,  the  independent  existence  of  the  A2  point  will  be 
most  weighty  in  settling  a  controversy  which  it  was  highly  desirable 
to  settle.  It  is  well  known  that  for  many  years  some  metallurgists 
have  doubted  the  allotropic  character  of  the  A2  point,  some  indeed 
going  so  far  as  to  question  its  very  existence.  At  the  Fall,  1912, 
meeting  of  the  Iron  and  Steel  Institute,  Professor  Benedicks  outlined 
a  theory  based  on  the  assumption  that  the  Ar2  point  indicated  the 
end  of  the  Ar8  transformation,  some  gamma  iron  remaining  untrans- 
formed  (and  therefore  in  a  metastable  condition)  below  Ar3,  through 
the  influence  of  impurities.  The  theory  demands  the  absence  of  both 
Ar2  and  Ac2  points  in  absolutely  pure  iron  and  the  absence  of  the 
Ac2  point  even  in  impure  iron.  At  the  May,  1913,  meeting  of  the 
Institute,  Professor  Carpenter  called  attention  to  the  above  require- 
ments of  the  theory  and  reported  that  he  had  indeed  shown  the  non- 
existence of  the  point  Ac2  in  impure  iron.  As  to  the  non-existence 
of  the  Ar2  point  in  strictly  pure  iron,  since  such  metal  cannot  be 
produced,  this  claim  of  the  theory  cannot  be  tested.  In  Professor 
Carpenter's  opinion  the  results  of  his  experiments  justified  the  follow- 
ing statement:  "  The  conception  of  A2  as  an  independent  allotropic 
change  must  be  abandoned,  and  it  must  now  be  regarded  as  proved 
that  Ar2  is  simply  the  termination  of  Ar3  retarded  by  impurities 
present  even  in  the  purest  forms  of  iron  hitherto  prepared."  So 
sweeping  a  conclusion  based  on  a  few  experiments,  the  results  of 
which  were  opposed  by  those  of  all  other  investigators,  was  taken 
exception  to  by  nearly  every  one  discussing  Professor  Carpenter's 
paper.     This  led  him  to  modify  his  views  as  follows : 

"  Summarising  the  position,  therefore,  and  having  regard  to  the 
case  not  only  that  other  investigators  have  found  Ac2  even  in  the 
purest  samples  of  electrolytic  iron  hitherto  prepared,  but  also  that 
facts  have  been  adduced  in  the  discussion  which  are  difficult  to  ex- 
plain on  the  hypothesis  that  A2  is  retarded  A3,  the  author  desires  to 
modify  his  conclusion  that  *  the  conception  of  A2  as  an  independent 
allotropic  change  must  be  abandoned,'  and  to  say  that  *  the  present 
state  of  knowledge  does  not  justify  this  conclusion.'  At  the  same 
time  he  considers  that  his  own  results  detailed  in  the  paper  appear  to 
him  to  be  most  satisfactorily  explained  on  this  hypothesis." 

At  the  September,  1913,  meeting  of  the  Iron  and  Steel  Institute,  I 
expressed  the  belief  that  the  burial  of  beta  iron  had  been  premature, 
giving  in  support  of  my  contention  some  results  of  my  own  experi- 
ments. After  reading  the  paper  now  under  discussion  I  am  more 
convinced  than  ever  that  Benedicks's  theory  will  have  to  be  deeply 
modified  if  it  is  ever  to  displace  Osmond's  original  theory.      The 
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authors  have  taken  in  vacuum  and  with  the  greatest  refinements 
some  180  heating  and  cooling  curves  of  the  purest  irons  obtainable, 
including  a  specimen  of  Professor  Carpenter's  own  metal,  and  never 
failed  to  detect  a  marked  evolution  of  heat  at  Ar2  and  marked  ab- 
sorption at  Ac2.  Thej  have  proved  the  independent  existence  of  Ac2 
and  Ar2  in  a  way  that  is  absolutely  conclusive.  To  the  contention, 
should  it  still  be  made,  that  in  strictly  pure  iron  the  point  A2  would . 
not  occur,  it  may  be  replied  that  the  fact  that  the  point  Ar2  does  not 
decrease  in  intensity  as  purity  increases  is  quite  conclusive  proof  that 
it  would  not  suddenly  disappear  with  absolute  purity.  Its  disappear- 
ance must  of  necessity  be  a  gradual  one. 

As  the  authors  well  say,  whether  the  A2  point  marks  or  not  an 
allotropic  transformation  is,  to  a  great  extent,  a  question  of  definition. 
If  it  be  insisted  that  allotropy  necessarily  implies  a  change  of  crystal- 
line forms,  then  it  may  be  argued  that  A2  is  not  an  allotropic  point. 
If,  on  the  contrary,  it  is  believed  that  a  change  of  internal  energy, 
made  evident  by  spontaneous  evolutions  of  heat,  is  the  criterion  by 
which  we  should  determine  the  existence  of  allotropy,  then  A2  indi- 
cates an  allotropic  transformation.  The  latter  view  is  strengthened 
by  the  discontinuity  in  some  of  the  properties  of  iron  at  the  A2  point, 
especially  by  the  magnetic  change  occurring  at  that  point. 

Robert  W.  Hunt,  Chicago,  111. : — I  would  like  to  add  just  one 
word  on  the  commercial  side,  particularly  in  relation  to  the  Bureau 
of  Standards.  It  is  no  idle  word  that  the  work  should  have  the 
emphatic  encouragement  of  our  Institute,  and  of  every  other  scientific 
and  commercial  organization  in  the  country.  Unfortunately,  while 
they  can  investigate  to  a  great  extent,  their  voting  power  is  a  very 
limited  one,  with  the  result  that  they  are  not  close  to  the  hearts  of 
the  law  makers  of  our  country.  I  have  had  experience  in  that  hne  in 
regard  to  the  effort  to  establish  a  national  testing  laboratory,  having 
appeared  before  the  Congressional  Committee  on  Appropriations. 
Indifference  and  want  of  comprehension  of  the  necessity  for  such 
national  organizations  have  generally  existed  with  the  American  law 
makers,  and  they  need  our  sustaining  hands.  One  of  the  most  im- 
portant steps  that  have  been  taken  in  this  country  is  to  recognize  the 
necessity  of  such  a  Bureau,  and  our  representatives  ought  to  be  made 
to  feel  that  it  is  just  as  much  their  duty  to  vote  for  proper  appropria- 
tions for  such  work  as  for  battleships  or  armies. 

G.  K.  Burgess  : — I  would  like  to  express  my  appreciation  of  the 
sentiments  that  have  been  stated  in  the  discussion  of  this  paper,  and 
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also  I  shall  take  to  heart  the  several  suggestions  that  have  been  made 
regarding  the  work  that  should  be  done,  which  is  demanded  by  the 
several  members  of  this  society ;  as,  for  instance,  the  effect  of  mass 
and  pressure  and  the  other  items  which  have  been  mentioned  regard- 
ing the  study,  for  instance,  of  the  iron-carbon  diagram.  I  also  assure 
you  that  I  will  go  back  to  Washington  encouraged  to  go  on  with  this 
work  with  as  much  effort  as  will  be  put  at.  our  disposal  for  carrying 
it  on. 

Carl  Benedicks,  Stockholm,  Sweden  (communication  to  the  Sec- 
retary*) : — 1.  The  great  merits  of  this  paper  are  so  obvious  that  they 
need  not  be  emphasized ;  it  marks  a  record  in  giving  accurate  figures 
under  definite  circumstances,  and  must  be  most  welcomed  by  every 
one.  It  could  possibly  be  suspected  that  exception  might  be  made 
for  the  present  writer,  and  also  for  Professor  Carpenter,  as  a  glance 
at  the  exuberant  collection  of  curves  seems  to  reduce  almost  to  nil 
the  value  of  the  beta  iron  theory  advanced  by  the  writer,  and  as 
Plate  VI  shows  the  most  clear  heat  absorption  at  Ac2  where  Pro- 
fessor Carpenter  could  not  find  any  heat  absorption  at  all. 

To  judge  from  sorae  expressions,  the  authors  had  a  certain  disre- 
gard for  theorizing.  The  essence  of  our  science,  however,  is  a  well- 
balanced  equilibrium  between  laboratory  work  and  pure  brain  work. 
While  I  am  now  going  to  increase  that  "  amount  of  theorizing,"  the 
fact  is  that  the  amount  of  new  experimental  work  before  us  makes 
me  feel  justified. 

2.  In  every  case  known  as  yet,  even  in  the  cases  of  homogeneous 
equilibrium  studied  by  Professor  Smits,  an  allotropic  change  is  a 
molecular  change — viz.,  a  chemical  change  from  one  kind  of  molecules 
to  another — and  involves  regularly  a  true  recrystallizing.  Such  a 
molecular  change  or  recrystallization  always  proceeds  at  a  compara- 
tively low  speed.  A  consequence  of  this  is  that,  without  exception,  an 
allotropic  transformation  point  is  found  at  a  higher  temperature  at  heating 
than  at  cooling.  Now,  this  is  obviously  the  case  for  A8;  compare 
especially  the  excellent  Fig.  7,  giving  evidence  not  only  that  A3  is 
deplaced,  but  also  that  it  is  deplaced  all  the  more,  the  greater  the 
speed  of  the  temperature  change  is.  (I  am  not  convinced  that  the 
lines  drawn  on  Fig.  7  should  necessarily  be  straight  lines ;  there  is  a 
possibility  that  they  should  be  replaced  by  gently  bending  curves 
meeting  at  the  temperature  axis ;  as  drawn,  the  straight  lines  signify 
the  occurrence  of  a  "  false  equilibrium  "  of  Duhem,  which  has  not 
been  definitely  proved  in  a  single  case.) 

*  Received  Nov.  29,  1913. 
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3.  Now,  the  most  important  point  borne  out  in  the  paper  is,  so  far 
as  allotropy  is  concerned,  that  A9  is  always  found  at  ezacily  the  same 
temperature^  and  is  not  at  all  influenced  by  heating  or  cooling  speed 
This  is  a  proof  as  good  as  any  that  the  phenomenon  investigated  here 
and  designated  ba  AS  is  not  a  chemical  aUotropic  point  (involving  mole- 
cular change).  Had  the  authors,  on  the  iron  freed  from  gases,  traced 
the  slightest  lag  in  the  position  of  A2,  there  would  be  a  possibility  of 
admitting  a  distinct  chemical  allotropic  point.  Instead,  A2  is  deter- 
mined with  the  monumentally  accurate  formula  Ac2  =  Ar2  =  768° 
±-  0.5°,  allowing  of  no  lag. 

The  question  then  arises :  if,  on  this  ground,  A2  cannot  possibly 
signify  a  true  allotropic  change,  what  might  be  the  secret  nature  of 
this  A2,  immovable  and  enigmatic  as  a  Sphinx  ? 

4.  We  then  proceed  to  an  inspection  of  the  registered  curves. 
Leaving  out  of  regard  the  good  agreement  between  the  I  and  D 
curves,  and  that  astonishing  constancy  in  the  position  of  A2,  the 
cooling  curves  do  not  show  any  new  facts,  not  known  by  the  pre- 
vious work  of  Osmond  and  others.  The  amount  of  heat  connected 
with  Ar2  seems  to  be  little  in  comparison  with  that  of  Ar3,  just  a8 
found  by  nearly  all  previous  workers  (the  curves  below  and  above 
Ar2  on  all  the  plates  lying  tolerably  in  the  same  extension). 

On  the  contrary,  the  heating  curves  all  have  a  common  character 
which  is  novel  and  not  met  with  in  any  previous  research  known  to 
the  writer.  I  mean  the  very  abrupt  deviation  to  the  left,  or  back 
swing,  of  the  heating  curves,  occurring  as  soon  aa  Ac2  is  reached. 
The  part  above  Ac2  lies,  in  fact,  very  much  to  the  left,  signifying  an 
enormous^  continuous  heat  absorption  above  AeS  {or  heat  development  in 
the  specimen  below  Ac2) ;  the  heat  development  at  Ar2  is  entirely  be- 
yond comparison  with  this.  This  singular  fact  is  slightly  touched 
upon  by  the  authors  on  p.  2572,  just  before  concluding.  If  I  have 
correctly  grasped  this  passage,  which  I  do  not  find  quite  clear,  the 
authors  consider  that  "  this  long  back  swing  appears  to  be  in  part 
at  least  a  property  of  the  heating  conditions  " ;  they  thus  seem  to 
attribute  the  abnormal  behavior  of  the  curves  to  irregularities  in  the 
heatmg.  On  the  other  hand,  on  p.  2555  special  mention  is  made  of 
the  rheostat  used,  as  giving  "  automatically  a  constant  rate  of  heating 
and  cooling."  The  contradiction  seems  to  be  an  unmistakable  one, 
especially  as  a  constant  storage  battery  was  used. 

6.  Following  the  suggestion  of  the  authors  as  to  some  unknown  or 
not  observed  influence  of  the  heating,  we  now  proceed  to  a  critical 
discussion  of  the  energy  supply.  It  is  correctly  stated  that  a  magnetic 
field  might  influence  the  magnetic  transformation.    On  the  other  hand. 
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the  assertion  is  made  that  an  alternating  current  <<  eliminates  any  mag- 
netic field  about  the  iron  sample."     Now,  it  is  not  necessary  to  refer 
to  the  illustrious  experiments  of  Tesla;  it  might  be  enough  to  refer  to 
the  much  more  prosaic  experience  of  the  unwelcome  heating  of  iron 
transformer  plates.     At  each  magnetizing  cycle,  as  is  well  known,  a 
certain  quantity  of  heat  is  deliberated  in  every  ferro-magnetic  sub- 
stance— the  hysteresis  coefficient  may  be  as  low  as  possible,  the  iron 
as  pure  as  conceivable.     The  energy  supply  being  very  high,  and  the 
platinum  being  wound  in  two  layers,  the  reversing  magnetic  field  by 
no  means  can  be  neglected,  without  special  precautions  which  are  not 
mentioned.     Let  us  follow  the  heating  up  of  a  specimen.     Being 
strongly  ferro-magnetic,  it  receives  constantly  a  certain  amount  of 
hysteresis  heat  (besides  eddy  currents),  which  per  minute  might  be  of 
the  same  order  of  size  as,  say,  the  heat  development  at  A.r3.     But,  as 
is  well  known,  the  ferro-magnetism  disappears  rather  quickly  in  a 
narrow  temperature  range.     The  consequence  is,  that  this  interior 
extra  energy  supply  must  disappear  rather  suddenly.     In  the  heating 
curve  this  must  necessarily  appear  as  a  strong  heat  absorption, — which 
has  nothing  direct  to  do  with  allotropy. 

lu  the  cooling  curves  this  extraneous  effect  must  be  less  pronounced, 
as  the  current  generally  is  less  on  cooling  than  on  heating. 

Further,  the  magnetizing  velocity  of  iron  being  known  to  be  ex- 
tremely high,  it  does  not  seem  unreasonable  a  -priori  to  admit  that  the 
passage  of  the  iron  from  the  ferro-magnetic  state  to  the  para-magnetic 
one,  and  vice  versa^  might  also  occur  with  a  very  great  velocity,  much 
superior  to  the  velocity  of  recrystallization  at  Ac3.  Thus,  if  the  heat 
developments  observed  as  Ac2  and  Ar2  by  the  authors  in  fact  are  due 
to  **  heat  of  magnetization,"  then  it  is  very  natural  that  no  trace  of  lag 
is  observed  (rb  0.5°  !). 

It  is  not  possible  for  me  here  to  go  more  into  details.  It  is  quite 
possible  that  my  view  on  this  question  is  not  correct,  but,  from  the 
facts  and  description  as  given  in  the  paper,  no  other  explanation 
seems  to  me  to  be  possible.  In  order  that  the  conclusions  could  be 
correct,  it  seems  quite  necessary,  until  the  authors  prove  the  contrary, 
to  have  in  view  that  their  observations  are  valid  only  in  a  reversing 
magnetic  field. 

In  view  of  this  it  might  be  reasonable  to  add  that  the  failure  of 
Professor  Carpenter  to  find  any  Ac2  in  his  purest  specimens,  on 
which  a  very  clear  Ac2  is  indicated  on  Plate  VI,  needs  not  to  be 
caused  by  his  method  failing  in  accuracy,  but  might  entirely  be  due 
to  the  absence  in  his  work  of  the  very  serious  source  of  error  involved 
by  the  use  of  alternating  current. 
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6.  Finally,  I  do  not  consider  it  justified  to  assert  that  "  the  only 
phenomenon  studied  which  has  hitherto  always  given  negative  re- 
sults for  A2  is  crystalline  structure  "  (p.  2649 ;  similar  statement,  p. 
2570) ;  it  is  necessary  at  least  to  add  that  this  is  also  the  case  with  the 
expansion,  all  the  more  as  this  property  is  extremely  important,  its 
measuring  being  much  more  reliable  and  less  affected  by  sources  of 
errors  than  probably  any  other  property. 

Summing  up:  in  spite  of  the  very  elaborate  and  carefal  ex- 
perimental work  now  carried  out  with  well-known  thermometric 
mastership,  and  so  ably  presented  as  an  apparent  support  to  the  old 
allotropy  views — even  if  the  authors  have  hesitated  in  expressing  an 
opinion  on  the  nature  of  the  allotropy — ^there  is,  at  present,  no  ground 
for  modifying  the  allotropy  theory  as  advanced  by  Smits  and,  par- 
ticularly for  iron,  by  the  writer. 

H.  C.  H.  Carpenter,*  Manchester,  England  (communication  to 
the  Secretary  *) : — I  wish  to  offer  my  very  cordial  congratulations  to 
Messrs.  Burgess  and  Crowe  on  their  paper  entitled  The  Critical 
Ranges  A2  and  A3  of  Pure  Iron.  There  can  be  no  question  but  that 
in  point  of  thoroughness  and  accuracy  it  is  the  best  investigation  of 
this  problem  that  has  ever  been  carried  out.  I  need  hardly  say  that 
the  research  has  a  special  interest  for  me,  inasmuch  as  I  have  myself 
been  recently  working  in  the  same  field  and  have  come  to  a  different 
conclusion  with  regard  to  the  character  of  the  A2  inversion. 

Let  me  begin  by  saying  that  the  evidence  that  there  is  a  disconti- 
nuity at  768°  on  the  heating  curves  of  pure  iron  appears  to  me  to  be 
tjonclusive  and  indeed  overwhelming.  Further,  I  am  entirely  dis- 
posed to  agree  with  the  reasons  that  the  authors  have  suggested  as  to 
why  I  was  unable  to  detect  with  certainty  the  Ac2  change  in  the 
specimens  of  iron  with  which  I  worked.  The  evidence  offered  by 
them  that  this  was  due  to  "  the  poorer  conductivity  and  the  presence 
of  gases  in  the  wound-up  sheets  of  otherwise  untreated  electrolytic 
iron  producing  a  flattening  out,  distortion,  and  displacement"  of  the 
Ac2  change  appears  to  me  to  be  very  strong.  At  the  same  time, 
however,  my  results  as  to  the  location  of  Ac3  and  Ar3  are  in  very 
fair  agreement  with  the  conclusions  of  Messrs.  Burgess  and  Crowe. 

Before  discussing  the  interpretation  of  the  discontinuity  found  by 
the  authors  at  768°  I  should  like  to  draw  attention  to  several  points 
of  importance  which  they  have  established. 

1 .  The  Effect  of  Occluded  Gases. — This  research  has  shown  for  the  first 

*  Non-member. 

t  Received  Dec  1,  1913. 
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time  what  this  effect  actaaliy  is,  and  that  if  accurate  results  are  to  be 
attained  the  most  suitable  procedure  consists  in  premelting  the  iron 
in  vaciiOy  of  course  under  conditions  which  will  as  far  as  possible 
avoid  contamination. 

2.  The  authors  are  to  be  specially  congratulated  on  having  obtained 
satisfactory  curves  with  very  small  samples  (whose  weight  was  of  the 
order  of  1  g.).  It  is  quite  intelligible  why  sharper  indications  of  the 
critical  range  are  thus  obtained.  I  have  been  particularly  interested 
in  the  curve  F6,  of  my  own  sample  of  iron,  obtained  with  0.7  g. 

3.  The  thanks  of  all  metallographers  are  due  to  the  authors  for 
having  worked  out  for  the  first  time  the  effect  of  different  tempera- 
ture intervals  on  the  form  of  the  curves  (Plate  III.)  and  for  having 
shown  that  a  2^  interval  is  a  satisfactory  mean.  Another  very  useful 
conclusion  which  they  have  established  is  that  the  inverse-rate  and 
derived-differential  curves  are  strictly  similar  "  save  for  minor  particu- 
lars "  and  "give  identical  results  of  the  same  sensibility  for  the  criti- 
cal ranges." 

4.  I  am  very  glad  to  notice  the  authors'  conclusion  that  '*the  A2 
transformation  has  not  a  double  cusp."  It  has  always  appeared  to  me 
as  probable  that  when  a  double  cusp  was  obtained  this  was  due  to  a 
too  rapid  rate  of  cooling. 

I  come  now  to  the  question  of  the  meaning  of  the  discontinuity 
shown  on  both  the  heating  and  the  cooling  curves  at  768°.  The 
authors  say :  "  An  examination  of  some  of  the  heating  curves  will 
perhaps  give  the  incorrect  impression  that  Ac2  is  an  evolution  rather 
than  an  absorption  of  heat.  The  swing  back  at  the  maximum  is  very 
abrupt,  following  what  appears  to  be  a  general  building  up  .  .  . 
from  an  indeterminate  low  temperature."  An  examination  of  both  the 
heating  curves  of  F6,  Plate  VI.  (my  own  iron),  shows  that  they  are  rea- 
sonably smooth  up  to  768°  and  that  there  is  then  a  sudden  accelera- 
tion in  the  rate  of  heating.  This  means  either  the  sudden  cessation 
of  an  absorption  of  heat  (whose  beginning  it  is  impossible  to  detect) 
or  else  an  actual  evolution  of  heat.  I  do  not  think  it  is  possible  to 
say  dogmatically  which  of  the  two  hypotheses  is  correct,  and  for  the 
purpose  of  my  argument  it  does  not  matter,  but  I  will  take  the  au- 
thors' view  that  this  discontinuity  is  not  an  evolution  of  heat,  but 
corresponds  to  the  cessation  of  some  change  which  has  been  proceed- 
ing "  from  an  indeterminate  low  temperature."  The  cooling  curves, 
however,  show  that  there  is  an  actual  evolution  of  heat  at  768° — ^viz., 
at  the  same  temperature  as  on  the  heating  curves.  How  then  is  it 
possible  to  regard  the  discontinuity  at  768°  on  the  heating  curve  as 
corresponding  to  the  discontinuity  at  768°   on  the  cooling  curve. 
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since,  according  to  the  authors'  view,  the  change  begins  on  heating 
at  a  temperature  below  that  at  which  it  occurs  on  cooling?  This 
seems  to  me  to  be  impossible,  and  I  should  be  glad  if  the  authors 
would  explain  how  they  can  reconcile  their  interpretation  of  the 
curves  with  the  evidence  of  their  own  paper. 

As  a  matter  of  fact,  although  the  authors  have  undoubtedly  estab- 
lished a  sharp  discontinuity  on  the  heating  curves  at  768° — a  result 
which  my  own  curves  do  not  show — nevertheless  their  conclusion 
that  there  appears  to  be  a  gradual  building  up  of  this  maximum  from 
an  indeterminate  low  temperature  is  really  very  much  the  same  as 
my  own  (No.  2) :  ^  "  There  are  traces  of  a  retardation  in  the  rate  of 
heating  spread  over  a  considerable  temperature  interval,  which  might 
be  expected  to  include  Ac2  within  its  limits  if  it  existed."  In  this 
important  respect,  therefore,  the  authors'  and  my  own  curves  are  in 
undoubted  agreement.  The  question  which  has  yet  to  be  answered 
and  which  future  research  must  decide,  is,  why  is  it  that  there  is 
nothing  on  the  cooling  curves  to  correspond  to  the  gradual  building 
up  of  a  maximum  over  an  indeterminate  range  shown  on  the  heating 
curves  ?  If  the  authors  can  furnish  the  solution  to  this  question  they 
will  render  very  great  service  to  all  those  interested  in  the  allotropy 
of  iron. 

In  conclusion,  it  is  a  matter  of  considerable  interest  to  me  to  ob- 
serve the  most  probable  values  assigned  by  the  authors  to  Ac3  and 
Ar3.  The  former  they  regard  as  taking  place  at  909®  d:  1.  My 
recent  research  with  Dr.  Stead  on  The  Crystallising  Properties  of 
Electro-deposited  Iron  showed  that  at  910*^  the  recrystallization  of 
iron  has  just  begun,  and  is  complete  at  916*^.  Also,  my  heating 
curves  (Plate  LEE.  of  my  paper  on  The  Critical  Ranges  of  Pure  Iron) 
represent  the  thermal  inversion  as  taking  place  at  temperatures 
between  902°  and  916°,  giving  a  mean  figure  of  909°.  This  agree- 
ment is  very  satisfactory.  Again,  the  authors  place  Ar8  at  898°  ±  2. 
The  figure  I  obtained  with  Mr.  Keeling  in  1904  was  900°,  which 
agrees  rather  better  than  the  figures  given  in  my  recent  paper,  which 
vary  between  898°  and  886°. 

There  are  other  matters  in  the  authors'  paper  which  I  should  have 
liked  to  discuss  had  time  permitted,  in  particular  the  thermal  lag 
which  undoubtedly  exists  during  the  A3  inversion.  It  is  not  large, 
in  fact  it  is  only  of  the  order  of  about  5°,  but  it  is  a  real  lag.  I  am 
very  much  inclined  to  agree  with  their  suggestion  that  this  is  bound 
up  with  the  remarkable  recrystallization  associated  with  this  change 

^  The  Critical  Kangee  of  Pure  Iron,  Journal  of  the  Iron  and  Sted  IfutUute,  toI.  Ixxxvii 
(No.  I,  1913),  p.  324. 
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shown  by  Dr.  Stead  and  myself,  but  more  research  is  required  before 
the  connection  can  be  regarded  as  scientifically  proved. 

G.  K.  Burgess,  Washington,  D.  C.  (communication  to  the  Secre- 
tary*):— The  authors  welcome  and  appreciate  the  contributions  to 
the  discussion  of  their  paper  by  Messrs.  Carpenter,  of  Manchester, 
and  Benedicks,  of  Stockholm.  They  note  with  particular  satisfaction 
that  Professor  Carpenter,  who  has  contributed  by  experiment  to  our 
knowledge  of  the  properties  of  iron  and  by  close  reasoning  to  the 
theory  of  its  allotropy,  agrees  without  reserve  to  the  main  conclu- 
sions of  the  paper  concerning  the  separate  existence,  location,  and 
nature  of  A2  and  A3,  and  accepts  the  explanation  therein  given  for 
his  failure  to  locate  satisfactorily  the  Ac2  change  in  the  specimens  of 
iron  with  which  he  last  worked.  They  are  also  greatly  obliged  to 
Professor  Carpenter  for  so  clearly  summarizing  the  several  points  of 
importance  which  the  authors  have  established. 

Professor  Carpenter  very  pertinently  raises  the  question  of  the 
meaning  of  the  discontinuity  shown  in  both  the  heating  and  the  cool- 
ing curves  at  768°,  and  asks  "  if  the  authors  would  explain  how  they 
can  reconcile  their  interpretation  of  the  curves  with  the  evidence  of 
their  own  paper."     (See  p.  2572.) 

The  authors  would  like  to  state  at  the  outset  that  they  are  ready  to 
accept  what  may  appear  to  be  the  most  rational  interpretation  of  these 
heating  and  cooling  curves  for  pure  iron,  whether  coming  from  them- 
selves or  some  one  else.  The  only  point  on  which  they  have  any 
particular  sensitiveness  is  the  question  of  the  exactness  of  their  meas- 
urements, which  is  not  raised  by  Professor  Carpenter. 

It  does  not  seem  to  the  authors,  however,  that  there  is  any  greater 
difficulty  in  explaining  the  heating  curves  in  the  Ac2  region  than  in 
the  Ac3  region ;  for  an  examination  of  the  heating  curves  on  several 
of  the  plates,,  notably  Plates  III,  IV,  IVa,  V,  etc.,  shows  that  the 
"  abrupt  swing  back  at  the  maximum  "  is  at  least  as  pronounced  and 
as  often  unaccompanied  by  an  absorption  cusp  at  Ac3  as  at  Ac2,  as 
the  authors  endeavored  to  point  out  on  p.  2572.  It  was  also  there 
stated  that  « this  long  back  swing  appears  to  be  in  part  at  least  a 
property  of  the  heating  conditions."  From  this  expression,  it  is  by 
no  means  to  be  inferred,  as  Professor  Benedicks  would  have  it,  that 
"  they  [the  authors]  thus  seem  to  attribute  the  abnormal  behavior  of 
the  curves  to  irregularities  in  the  heating." 

These  curves  have  no  *'  abnormal  behavior."     It  is  to  be  remem- 

*  Received  Dec.  2,  1913. 
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bered  that  the  cufips  of  the  I  and  D  curves  correBpond  to  the  instant 
at  which  the  temperature  of  the  sample,  as  measured  by  the  inserted 
thermocouple,  is  changing  the  least.     The  actual  shape  of  the  I  and 
D  curves  in  going  through  a  transformation  will  depend  therefore 
upon  the  conditions  of  transfer  of  heat  between  sample  and  fomace, 
and  sample  and  thermocouple ;  which  conditions,  as  is  readily  seen, 
are  essentially  different  on  heating  and  cooling,  a  fact  which  appears 
to  account  for  the  lack  of  symmetry  in  the  form  of  Ac3  compared  with 
Ar3,  and  Ac2  with  Ar2.     The  authors  can  see  no  incongruity  in  re- 
garding "the  discontinuity  at  768°  on  the  heating  curve  as  corre- 
sponding to  the  discontinuity  at  768°  on  the  cooling  curve,"  even  if  it 
be  admitted  that "  the  change  begins  on  heating  at  a  temperature  below 
that  at  which  it  occurs  on  cooling."     A  similar  thermal  condition 
exists  in  the  melting  and  freezing  curves  of  innumerable  slightly 
impure  substances  without  exciting  particular  comment;  the  maxima 
(Ac,  Ar)  are  at  the  same  temperature  and  Ac  begins  well  below  its 
maximum.     It  is  the  view  held  by  the  authors,  and  satisfied  by  the 
curves  in  the  paper,  that  both  Ac2  and  Ac8  are  built  up  gradnally 
from  temperatures  somewhat  below  their  respective  maxima.    The 
reason  "  why  it  is  that  there  is  nothing  on  the  cooling  carves  to  cor- 
respond to  the  gradual  building  up  of  a  maximum  over  an  indeter- 
minate range  shown  in  the  heating  curves?"  asked   by  Professor 
Carpenter,  appears  to  be  simply  this,  that  the  "  swing  back "  on 
cooling  below  the  maximum  of  Ar2  or  Ar3  cuts  into  this  "  building 
up  "  region,  as  it  must  (corresponding  to  the  "  swing  back  "  immedi- 
ately above  Ac2  or  Ac3),  so  that  this  region  below  the  maximum  of 
Ar2  or  Ar3  apparently  does  not  exist  on  cooling,  an  anomaly  which 
cannot  well  be  avoided  on  account  of  the  experimental  exigencies  of 
the  sample  "  catching  up  "  with  the  furnace  in  temperature. 

Begarding  the  location  of  Ac3  and  Ar3,  the  agreement,  noted  bv 
Professor  Carpenter  as  obtained  both  thermally  by  himself  in  associa- 
tion with  Mr.  Keeling  and  by  crystallographic  examination  with 
Professor  Stead,  with  the  results  of  this  paper,  is  particularly  gratify- 
ing and  convincing. 

It  is  with  regret  that  with  many  of  Professor  Benedicks's  remarks 
the  authors  feel  obliged  to  disagree  most  emphatically. 

"  The  exuberant  collection  of  curves  "  is  apparently  not  auflicient 
evidence  for  him  to  discard  the  lone  half  dozen  that  their  author. 
Professor  Carpenter,  now  renounces,  and  on  which  slender  scaffold- 
ing Professor  Benedicks  would  still  support  an  apparently  incon- 
sistent and  unsound  "  theory  "  of  allotropy.     He  also  considers  the 
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authors  have  "  a  certain  disregard  for  theorizing."  The  authors  do 
make  a  sharp  distinction  between  hypothesis  and  theory  and  feel  con- 
strained to  state  that  they  do  not  consider  the  published  ideas  of 
Professor  Benedicks  on  the  allotropy  of  iron — ^in  so  far  as  they  under- 
stand them — ^better  than  an  untenable  hypothesis  or  several  such 
hypotheses,  for  it  is  difficult  to  reconcile  with  each  other  many  of  the 
statements  made  by  Professor  Benedicks  in  his  several  recent  written 
contributions  to  the  allotropy  of  iron.  (See  Journal  of  the  Iron  and 
Steel  Institute  for  past  two  years.)  The  authors  thoroughly  agree 
with  his  statement  "  that  our  science,  however,  is  a  well-balanced 
equUibrium  between  laboratory  work  and  pure  brain  work." 

Professor  Benedicks^s  latest  criterion  (§  2  of  his  communication) > 
based  on  his  interpretation  of  the  very  interesting  views  of  Professor 
Smits  on  allotropy,  is  that  "  without  exception^  an  aUotropic  transforma" 
tion  point  is  found  at  a  higher  temperature  at  heating  than  at  cooling"  and 
that  therefore  (§  3),  since  "  A2  is  always  found  at  exactly  the  same 
temperature,  ....  A2  is  not  a  chemical  aUotropic  point  (involv- 
ing molecular  change)."  As  stated  by  the  authors  on  p.  2673,  allo- 
tropy is  a  matter  of  definition.  This  one  of  Professor  Benedicks 
would  exclude  all  transformations  reversible  at  constant  temperature, 
including  freezing  and  melting  of  crystalline  substances. 

Although  their  observations  do  not  fully  warrant  the  statement, 
nevertheless  the  authors  are  inclined  to  the  belief,  that  at  zero  rate 
and  for  a  mass  approximating  zero  the  temperature  of  Ar3  would 
equal  that  of  Ac3,  since  with  the  smallest  pieces  Ac3-Ar3  is  a  mini- 
mum ;  therefore,  granting  this,  by  Benedicks's  latest  theory,  iron 
would  have  no  aUotropic  forms  whatever.  Professor  Benedicks,  how- 
ever, does  not  make  the  converse  statement,  namely,  when  Ac  is  not 
equal  to  Ar,  there  is  allotropy.  Assuming  this,  it  would  follow  that 
since  Acl  >  Arl  for  the  Fe-C  system,  the  pearlite  point  divides  two 
"  aUotropic ''  forms. 

Again,  in  §  2,  Professor  Benedicks  would  like  to  redraw  the 
authors'  Fig.  7,  making  in  the  limiting  case,  as  above  noted,  Ac3  = 
ArS.  Therefore,  by  his  own  reasoning  and  analysis  there  is  no  al- 
lotropy associated  with  the  A3  transformation.  Professor  Benedicks 
goes  on  to  state  that  '^as  drawn,  the  straight  lines  signify  the  occur- 
rence of  a  *  false  equilibrium '  of  Duhem,  which  has  not  been  definitely 
proved  in  a  single  case  " ;  but  this  separation  of  the  lines  in  Fig.  7  is 
the  exact  fulfillment  of  Benedicks's  new  criterion  of  the  existence  of 
"  allotropy  " ;  therefore  A3  is  an  aUotropic  point  by  Benedicks's  de- 
jfinition  in  the  same  §  2.     This  "  Milo  the  Cretan  "  analysis  might  be 
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continued  indefinitely  in  theorizing  concerning  Professor  Benedicks's 
statements,  but  the  authors  will  limit  themselves  to  the  ingenioas 
hysterisis  argument  of  Professor  Benedicks,  according  to  which,  since 
with  such  "  monumental  *'  accuracy  Ac2  is  identical  with  Ar2,  "im- 
movable and  enigmatic  as  a  Sphinx,"  the  point  A2  has  no  existence 
because  observed  with  samples  heated  in  a  furnace  supplied  with 
alternating  current ! 

If  the  only  thermal  observations  on  the  existence  of  A2  were  those 
of  the  authors,  this  "  theorizing "  of  Benedicks  might  possibly  be 
considered  as  throwing  doubt  on  the  genuineness  of  the  A2  point  as 
here  observed — not  on  its  existence,  but  on  its  interpretation  in  terms 
of  "allotropy."     To  refute  Benedicks's  argument  here,  it  is  only 
necessary  to  quote  part  of  his  §  4,  "  the  cooling  curves  do  not  show 
any  new  facts,  not   known  by  the  previous  work  of   Osmond  and 
others.     The  amount  of  heat  connected  with  Ar2  seems  to  be  little 
in  comparison  with  that  of  Ar8,  just  as  found  by  nearly  all  previous 
workers,"  etc.     The  presence  of  both  Ac2  and  Ar2  has  been  detected 
by  many  observers  (see  Tables  I  and  11)  using  all  kinds  of  furnaces, 
from  the  chimney  of  Professor  Arnold  and  the  electric  heating  by 
direct  current  of  Mueller,  Rosenhain,  Carpenter,  and  many  others,  to 
the  alternating-current  heating  of  Rosenhain  and  Humfrey  and  the 
authors.     The  statement  of  Professor  Benedicks  in  §  6  "that  the 
failure  of  Professor  Carpenter  to  find  any  Ac2  in  his  purest  speci- 
mens, on  which  a  very  clear  Ac2  is  indicated  on  Plate  VI,  needs  not 
to  be  caused  by  his  method  failing  in  accuracy,  but  might  entirely  be 
due  to  the  absence  in  his  work  of  the  very  serious  source  of  error  in- 
volved by  the  use  of  alternating  current,"  is  unwarranted  by  the  facts. 
The  Ac2  region  is  present  in  Professor  Carpenter's  curves,  but^  as 
stated  on  p.  2547  and  accepted  by  him,  "  the  poor^f  conductivity  and 
the  presence  of  gases  in  the  wound-up  sheets  of  otherwise  untreated 
electrolytic  iron  producing  a  flattening  out,  distortion,  and  displace- 
ment of  the  critical  regions,  especially  of  the  feebler  A2." 

Even  if  present  only  with  alternate-current  heating,  A2  would  still 
be  a  transformation  in  iron,  allotropic  or  not  according  to  the  neces- 
sarily arbitrary  definition  adopted. 

In  order  to  convince  even  Professor  Benedicks  that  the  iron  used 
by  the  authors  has  no  Sphinx-like  qualities  at  Ac2,  due  to  an  alter- 
nating-current heating  supply,  the  authors  have  taken  heating  and 
cooling  curves  of  a  sample  in  an  ordinary  gas-heated  mufi9e  furnace, 
with  the  following  results  for  A2  maxima  (see  also  Fig.  9) : 
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Location  of  A2  of  Iron  in  Gas  Furnace. 


Sample. 

Rate:  Sec 

i./Degree. 
Down. 

Ac2. 

Date 

Up. 

Art. 

12-1-13 
12-1-13 
12-1-13 
12-1-13 

F7 
F7 
F7 
F7 

0.08 
0.14 
0.15 
0.23 

0.33 
0,24 
0.05 
0.23 

766 

768 
768 
768 

768 
770 
768 
770 

The  authors  object  finally  to  Professor  Benedicks  unwarrantably 
classifying  them  in  the  ranks  of  the  supporters  of  the  "  old  aJlotropy 
views."  They  observed  a  reversible,  thermal  transformation  at  768°, 
but  it  by  no  means  follows  that  they  necessarily  believe  in  a  P  state. 

In  conclusion,  the  authors  would  suggest  the  following  concerning 
the  theory  of  allotropy  of  iron : 

1.  Some  of  the  experimental  facts  that  any  theory  must  satisfactorily 
account  for  are :  a  definite  thermal  effect,  independent  of  rate  of  heat- 
ing or  cooling,  located  at  768  ±  0.5  =  Ac2  identical  with  Ar2,  L  e., 
with  no  measurable  lag;  a  much  greater  thermal  effect,  but  depend- 
ent upon  rate,  accompanying  a  marked  crystallographic  change,  and, 
as  extrapolated  for  zero  rate,  located  at  Ac3  =  909  and  Ar3  =  898. 
Both  the  Ac2  and  Ac3  maxima  appear  to  be  anticipated  by  gradual 
changes  in  physical  properties  below  these  temperatures  defining  the 
maxima.     A2  and  A3  are  distinct  transformations. 

2.  Among  the  experimental  uncertainties  are,  whether  with  A2 
there  is  associated  any  crystallographic  change,  however  slight — ^it 
being  recalled  that  the  thermal  change  is  also  very  slight ;  and  whether 
there  is  any  slight  volume  change  accompanying  A2.  Concerning 
A3,  we  are  not  sure  whether,  as  zero  mass  and  zero  rate  are  ap- 
proached, Ac3,  exactly  equals  Ar3  or  not.  For  neither  A2  nor  A3 
has  the  beginning  of  Ac2  or  Ac3  been  exactly  located. 

3.  We  may  define  an  allotropic  transformation  in  many  ways. 
Confining  ourselves  to  a  pure  substance  in  the  solid  state,  let  us  make 
the  simple  definition;  an  allotropic  transformation  is  one  accompanied 
by  crystallographic  change, 

4.  There  appears  to  be  no  doubt  that  A3  is  an  allotropic  transfor- 
mation under  this  definition,  whether  or  not  for  zero  rate  and  mass 
Ac3  =  Ar3,  so  long  as  there  is  observed  a  crystallographic  change. 
It  is  not  necessary  in  the  case  of  iron  to  add  to  the  definition  the 
complications  of  Smits's  theory,  actually  observed  with  the  masses 
hitherto  used  experimentally ;  namely,  that  Ac3  >  Ar3,  and  the  faster 
the  rate  the  greater  the  interval  Ac3-Ar3. 
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6.  Sufficient  experimental  evidence  is  yet  wanting  to  decide  in  favor 
of  A2  being  an  allotropic  transformation  according  to  the  above  defi- 
nition. 

6.  So  much  for  facts  and  theory.  We  still  have  the  realms  of 
analogy  and  hypothesis  to  work  upon  to  guide  us  as  to  the  probable 
nature  of  A2  in  terms  of  allotropy.  One  of  the  greatest  experimental 
difficulties  encountered  is  due  to  the  non-transparency  of  iron  crys- 
tals rendering  an  adequate  optical  examination  of  iron  passing  through 
A2  well-nigh  hopeless. 

Turning  to  the  transparent  substance  quartz,  however,  we  have  a 
material  which  appears  to  present  a  close  analogy  in  certain  of  its 
transformations  to  those  in  iron.  At  576°  quartz  has  a  very  minute 
transformation,  although  a  definitely  defined  one  by  thermal  analysis, 
corresponding  evidently  to  our  A2  in  iron.  At  about  900*^  there  is  a 
violent  crystallographic  change  in  quartz  accompanied  by  a  corres- 
pondingly large  thermal  effect  and  also  by  a  very  considerable  volume 
change ;  in  iron,  exactly  our  A8.  Now  it  is  interesting  to  note  that 
for  the  reversible  point  at  576°  in  the  transparent  quartz,  there  is  a 
very  slight  crystallographic  change  accompanied  by  a  minute  volume 
effect,  which  anticipates  the  sharp  maximum  at  575°  by  many  de- 
grees in  the  same  way  that  the  numerous  physical  properties  of  iron 
appear  to  anticipate  the  sharp  maximum  of  iron  at  Ac2  =  768. 

7.  Eeasoning  from  the  quartz  analogy,  therefore,  the  following 
hypotheses  may  be  made  regarding  the  nature  of  the  A2  transforma- 
tion in  iron :  namely,  that  A2  is  an  allotropic  point  accompanied  by 
a  very  minute  but  as  yet  undetected  crystallographic  change  and  dif- 
fering from  A3  mainly  in  magnitude ;  that  when  sufficiently  exact 
expansion  measurements  are  made  on  pure  iron,  a  minute  but  abrupt 
volume  change  will  probably  be  found  at  A2  preceded  by  a  very 
feeble  anticipatory  region  in  the  expansion  curve  below  A2. 

If  experiment  eventually  proves  the  first  of  the  above  hypotheses 
incorrect,  we  have  the  oft-expressed  alternative  that  the  A2  transfor- 
mation is  mainly  if  not  entirely  associated  with  the  passage  from  the 
ferro-magnetic  to  the  para-magnetic  state;  and  under  the  above  defi- 
nition, A2  would  not  be  an  allotropic  transformation,  and  p  iron 
would  be  really  dead. 


The  Influence  of  Various  Elements  on  the  Absorption  of  Carbon 

by  Steel. 

Discassion  of  the  paper  of  Robert  B.  Abbott,  presented  at  the  New  York  Meeting,  October, 
1913,  and  printed  in  BuileHn  No.  82,  October,  1913,  pp.  2389  to  2400. 

Albert  Sauvbur,  Cambridge,  Mass. : — Mr.  Abbott  has  certainly 
made  a  strenuous  effort  to  ascertain  the  influence  of  the  varioas  ele- 
ments on  the  absorption  of  carbon  by  steel — a  subject  of  great  impor- 
tance to  those  dealing  with  the  case  hardening  of  that  metal.  Because 
of  the  extensive  and  careful  character  of  Mr.  Abbott's  experiments, 
one  is  all  the  more  disappointed  that  his  results,  as  he  himself  recog- 
nizes, are  not  more  satisfactory;  for,  indeed  they  leave  us  just  abont 
where  we  were, — still  entertaining  uncertain  views  in  regard  to  the 
carbon-absorbing  power  of  various  alloy  steels.  It  might  be  asked 
whether  Mr.  Abbott's  method  of  estimating  the  amount  of  carbon 
absorbed — namely,  by  weighing  the  specimens  before  and  after  the 
carburizing  treatment — ^was  the  best  one  to  select.  Are  not  serious 
sources  of  error  inherent  to  such  procedure  because  of  the  diflB^culty 
of  satisfactorily  removing  the  carburizing  material  attached  to  the 
specimen  ?  The  method  of  least  squares  has  certainly  failed  to  solve 
the  problem  satisfactorily.  By  manipulating  Mr.  Abbott's  results  in 
a  different  manner  I  have  obtained  the  following  expression : 

P  =  100  —  50  C  —  7  Ni  +  20  Cr, 

in  which  P  represents  the  carbon-absorbing  power ;  C,  the  percentage 
of  carbon;  Ni,  that  of  nickel;  and  Cr,  that  of  chromium.  It  is  assumed 
that  the  carbon-absorbing  power  of  pure  iron,  or  what  might  be  called 
its  carburizability,  is  represented  by  100.  Applying  the  formula,  for 
instance,  to  a  steel  containing  0.15  per  cent.  C,  3  per  cent,  nickel, 
and  0.50  per  cent,  chromium,  its  carbon-absorbing  power  would  be 

100  —  50  X  0.16  _  7  X  3  +  20  X  0.50  =  81.50 ; 

that  is,  81.50  per  cent,  of  the  carbon-absorbing  power  of  pure  iron. 

The  formula  was  worked  out  by  grouping  together  the  carbon 
steels  and  figuring,  roughly,  the  average  retarding  influence  of  car- 
bon, which  was  found  to  be  in  the  vicinity  of  50  per  cent.  This, 
however,  is  true  only  of  steels  containing  less  than  0.50  per  cent,  car- 
bon. In  more  highly  carburized  steels  the  retarding  influence  ap- 
pears to  be  considerably  greater.     Similarly,  the  nickel  steels  contain- 
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ing  nearly  the  same  amount  of  carbon  were  examined  and  the 
retarding  influence  of  nickel  calculated,  when  it  was  found  to  be 
about  7  per  cent.  Finally,  chromium,  in  a  similar  manner,  was  found 
to  have  a  stimulating  influence  of  20  per  cent.  These  values,  how- 
ever, can  be  only  roughly  approximate,  because  of  the  inconsistency 
of  some  of  the  figures.  As  a  matter  of  fact,  the  results  which  ap- 
peared abnormally  high  or  low  were  rejected.  The  formula,  there- 
fore, should  be  used  cautiously  if,  indeed,  it  should  be  used  at  all. 
Were  it  possible  to  obtain  accurate  values  for  the  influences  of  carbon, 
nickel,  chromium,  and  other  elements,  a  formula  of  the  type  here 
given  would  be  of  ready  application  and  of  great  assistance. 

Dr.  John  A.  Mathews*,  Syracuse,  N.  Y.  (communication  to  the 
Secretary t) : — ^I  have  very  little  to  offer  in  reference  to  this  paper. 
It  represents  certainly  a  great  deal  of  very  careful  work  in  the  analysis 
and  tests  of  specimens  and  confirms,  I  think,  the  general  opinion  as 
to  the  relative  merits  of  diffiBrent  alloy  steels  in  regard  to  the  absorp- 
tion of  carbon. 

In  the  paper  given  last  year  before  the  Mechanical  Engineers  by 
Mr.  Lothrop,  the  same  ratio  was  shown  between  the  three  types  of 
steel :  chrome-vanadium,  carbon,  and  nickel.  In  that  paper,  how- 
ever, this  relation  was  indicated  qualitatively  and  not  quantitatively, 
as  Mr.  Abbott  has  attempted  to  do.  Chromium  steel  shows  the 
greatest  tendency  to  absorb  carbon,  which  I  think  is  an  advantage ; 
that  is,  you  can  run  your  case  hardening  a  little  quicker  with  that 
class  of  steel.  In  chromium  steels  there  is  scarcely  any  tendency  at 
all  to  the  formation  of  lamellar  pearlite,  which  is  apt  to  remain  after 
the  steel  is  hardened.  Of  course,  nickel  and  carbon  steels  with 
lamellar  pearlite  may  be  refined  fairly  well  by  a  single  quenching, 
and  altogether  if  you  give  them  a  double  quenching,  but  there  are 
few  plants  that  are  regularly  using  the  double  quenching  of  case- 
hardened  carbon  or  nickel  steels ;  and  there  is  a  great  deal  of  trouble 
in  practice  due  to  flaking,  which  follows  either  slag  inclosures  in  the 
steel  or  the  lamellar  pearlite  which  has  not  been  refined  by  a  single 
quenching. 

I  wish  Mr.  Abbott  would  explain  a  little  more  clearly  why  he 
groups  the  steels  in  the  way  he  does.  He  has  several  groups  labeled 
nickel  steel  and  several  labeled  chrome-nickel.  It  is  not  always  plain 
on  what  he  bases  his  division  of  the  various  steels  into  the  groups  that 
he  gives. 

*  Non-member. 

t  Keceived  Nov.  12,  1913. 


2892  ABSORPTION   OF   CARBON   BT   STBBL. 

The  experimental  data  presented  are  of  extreme  value  and  very 
instructive  to  a  great  many  people  who  are  doing  commercial  case 
hardening.  The  value  would  have  been  fully  as  great  had  the  mathe- 
matical part  of  the  paper  been  omitted;  yet  I  believe  that  if  Mr. 
Abbott  had  been  working  with  a  definite  series  of  experimental 
steels,  made  purposely  of  extreme  uniformity  and  containing  but  one 
variable,  he  might  have  arrived  at  some  formula  which  would  define 
the  influence  of  various  elements  in  regard  to  the  absorption  of  carbon. 
Making  use  of  such  a  miscellaneous  collection  of  alloy  steels,  furnished 
by  different  makers  and  manufactured  by  different  processes,  and  far 
from  uniform  with  respect  to  any  one  element  in  their  composition, 
the  results  he  has  derived  by  his  mathematical  labors  are  of  little 
value. 

RoBBRT  R.  Abbott,  Cleveland,  Ohio  (communication  to  the  Secre- 
tary *) : — Dr.  Mathews  inquires  regarding  the  grouping  of  the  differ- 
ent steels.  Since  the  method  of  least  squares  does  not  give  satisfac- 
tory results  as  applied  to  this  problem,  when  more  than  three 
unknowns  are  present,  it  became  necessary  to  group  the  different 
steels  into  classes  of  approximately  the  same  per  cent,  of  nickel  and 
chromium  so  that  in  these  different  groups  these  two  elements  could 
be  considered  as  constant,  leaving  two  variables  only  with  which  to 
work — namely,  carbon,  and  increased  weight.  For  example,  groups 
6  and  9  are  both  labeled  chrome-nickel.  Group  6  contains  those 
steels  having  a  nickel  content  of  from  4  to  4.5  per  cent,  and  a  chrome 
content  of  from  1  to  1.5  per  cent.,  while  in  group  9  the  nickel  runs 
about  3  per  cent,  and  the  chrome  about  0.5  per  cent. 

*  Received  Nov.  14,  1913. 


Note  on  the  Utilization  of  the  Waste  Heat  of  Regenerative 

Furnaces. 

DucuBsion  of  the  paper  of  George  C.  Stone,  preBented  at  the  New  York  Meeting,  October, 
J913,  and  printed  in  Bulletin  No.  82,  October,  1913,  pp.  2401  to  2402. 

D.  8.  Jacobus,*  New  York,  N.  Y. : — The  engineers  of  the  country 
are  waking  up  to  the  possibilities  of  waste-heat  boilers.  As  the  cost 
of  fuel  increases,  and  as  more  attention  is  given  to  economies,  it  is 
evident  that  a  great  deal  may  be  gained  by  utilizing  heat  that  has 
ordinarily  been  wasted.  The  art  in  the  manufacture  of  waste-heat 
boilers  has  advanced  so  that  it  will  now  pay  to  install  them  under 
certain  conditions  where  it  would  not  have  paid  to  install  boilers 
constructed  in  accordance  with  older  methods.  In  using  boilers 
where  the  gases  are  at  a  comparatively  low  temperature,  a  great  deal 
depends  on  the  method  of  baffling  the  boiler  in  securing  good  results. 
The  Babcock  &  Wilcox  Co.  has  made  a  careful  investigation  of  the 
laws  of  heat  transfer  and  has  applied  the  same  to  waste-heat  boilers, 
which  have  been  carefully  tested  under  operating  conditions,  with 
the  result  that  we  now  know  what  to  expect  with  different  arrange- 
ments of  baffles  and  heating  surfaces. 

The  old  idea  of  installing  waste-heat  boilers  was  to  provide  an  ar- 
rangement where  the  draft  loss  would  be  a  minimum,  and  little  or 
no  attention  was  paid  to  the  effect  of  different  systems  of  baffling  on 
the  steaming  capacity  of  the  boiler.  In  some  instances,  to  secure  a 
minimum  draft  loss  no  baffles  were  placed  in  the  boilers.  After 
making  a  most  careful  study  of  the  subject  it  developed  that  this 
practice  was  bad,  and  that  to  obtain  the  best  commercial  economy, 
in  place  of  endeavoring  to  obtain  a  minimum  draft  loss,  an  arrange- 
ment should  be  used  that  would  lead  to  the  maximum  amount  of 
beat  transmission  with  a  comparatively  high  draft  loss.  In  nearly 
every  case  the  amount  of  resistance  of  the  gases  passing  through  the 
boiler  involves  the  use  of  an  induced-draft  ^fan,  but  the  additional 
capacity  developed  by  the  boiler  over  that  which  could  be  secured 
Tvith  the  older  designs,  through  arranging  the  heating  surface  prop- 
erly and  using  proper  baffles,  much  more  than  pays  for  the  increase 
in  the  steam  required  to  drive  the  fan. 

In  the  older  practice  with  gases  at,  say,  1,100°  or  1,200°  F.,  about 
18  or  20  sq.  ft.  of  heating  surface  would  be  allowed  for  each  boiler 
horse  power  developed.     By  our  present  methods  it  is  perfectly  feasi- 

*  Non-member. 
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ble  to  develop  a  boiler  horse  power  with  10  or  12  sq.  ft.  of  heating 
surface  for  this  gas  temperature. 

The  introduction  of  an  induced-draft  fan  outfit  has  been  found  an 
advantage  in  some  instances  where  waste-heat  boilers  have  been  ap- 
plied, as  it  allows  better  regulation  of  the  draft  acting  on  the  furnace, 
with  the  result  that  the  output  of  the  furnace  has  been  increased 
over  what  it  was  with  natural  draft.  There  were  therefore  two  gains 
through  installing  the  waste-heat  boiler,  one  through  increasing  the 
capacity  of  the  furnace  on  which  the  boiler  was  applied,  and  another 
through  utilizing  the  waste  heat. 

E.  B.  Carter,*  Philadelphia,  Pa. : — Tw-o  points  of  the  subject 
that  do  not  seem  to  have  been  touched  are  very  important  to  persons 
considering  it.  These  are,  the  question  of  first  cost,  and  the  question 
of  cost  of  horse  power  development.  Naturally  the  cost  of  horse 
power  installed  runs  very  much  higher  than  the  cost  of  installing  the 
same  horse  power  in  the  boiler  house,  because  you  have  to  have  the 
auxiliaries  and  the  small  units.  In  the  cost  of  operation  you  have 
additional  costs  in  nearly  every  item  except  the  cost  of  fuel,  and  I 
would  like  to  inquire  of  Dr.  Jacobus  whether  they  have  obtained 
any  data  on  those  subjects.  I  also  understand  that  from  experiments 
they  have  made  it  has  not  paid  to  install  boilers  where  the  tempera- 
tures were  much  below  600°  C. 

T.  T.  Read,  New  York,  N.  Y.  : — It  may  be  of  interest  to  call  atten- 
tion to  the  fact  that  the  use  of  waste-heat  boilers  has  beeome  general 
practice  in  the  reverberatory  smelting  of  copper  ores.  At  the  Steptoe 
Valley  smelter  they  have  a  number  of  oil-fired  reverberatory  furnaces, 
and  S.  S.  Sorenson,  the  Superintendent,  has  made  a  series  of  inter- 
esting comparisons  between  the  results  with  the  Sterling  type  of 
boiler  and  the  Babcock  &  Wilcox  boiler.  As  his  paper,  which  has 
just  appeared,  is  the  first  comparison  of  that  sort  that  has  come  to  mv 
attention,  it  may  be  well  worth  while  to  cite  a  few  figures  from  it 
At  the  Steptoe  plant  the  Sterling  boilers  were  the  first  used,  and  the 
management  was  prejudiced  in  favor  of  them  because  of  their  being 
so  easily  cleaned.  Later  they  installed  some  Babcock  &  Wilcox 
boilers  and  carried  out  a  series  of  comparative  tests,  of  which  Mr. 
Sorenson  has  given  us  the  record.  The  Sterling  boiler  was  of  the 
ordinary  type  of  that  make ;  the  Babcock  &  Wilcox  was  a  special 
type,  especially  designed  for  the  Steptoe  Valley  company.  The 
boiler  horse  power  of  the  Babcock  &  Wilcox  installation  was  620  and 

*  Non-member. 
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of  the  Sterling  375.  In  a  100-day  test  the  Babcock  &  Wilcox  made 
a  net  recovery  of  $25,000  worth  of  oil  and  the  Sterling  boilers  re- 
covered $20,000  worth.  Mr.  Sorenson's  conclusions  are  given  at 
length  in  his  paper,^  but  may  be  summarized  by  saying  that  the 
tubes  in  the  Babcock  &  Wilcox  boiler  are  so  arranged  as  to  give 
greater  heat  efficiency;  and  the  greater  cost  for  cleaning  and  repairs 
is  overcome  by  the  greater  recovery  of  heat. 

On  the  question  of  first  cost  I  might  say  that  at  the  Copper  Queen 
smelter,  at  Douglas,  Ariz.,  Erie  boilers  were  installed  because  of  their 
lower  first  cost.  I  have  been  told  that  the  results  show  that  the  effi- 
ciency of  these  boilers  is  comparatively  high,  but  difficulty  is  experi- 
enced on  account  of  the  priming  to  which  the  Erie  boilers  are  sub- 
ject. Waste-heat  boilers  are  typically  driven  at  overload,  and  under 
such  conditions  I  understand  that  the  Erie  boiler  primes  badly.     It 

is  evident  from  this  that  it  is  well  worth  while  to  devote  some  study 
to  the  selection  of  the  proper  type  of  boiler  for  waste-heat  recovery 

before  beginning  the  construction  of  a  plant. 

Joseph  W.  Richards,  South  Bethlehem,  Pa. : — ^I  wish  to  comment 
on  the  inefficiency  of  the  chimney.  If  you  are  using  a  chimney 
merely  to  produce  draft,  you  are  using  one  of  the  most  inefficient 
apparatus  that  has  ever  been  devised  by  man.  The  mechanical  effi- 
ciency of  the  chimney  for  producing  draft,  calculated  upon  the  heat 
energy  which  goes  into  it,  is  certainly  less  than  1  per  cent.  Now 
consider  most  of  our  regenerative  furnaces,  which  are  supposed  to 
save  a  great  deal  of  the  heat  from  going  into  the  chimney,  and  yet 
about  25  per  cent,  of  all  the  heat  that  the  coal  furnishes  goes  up  the 
chimney.  We  are  using  then  this  25  per  cent,  of  the  calorific  power 
of  the  coal  at  an  efficiency  of  less  than  1  per  cent,  if  we  are  utilizing 
the  chimney  as  a  draft  producer.  In  the  best  regenerative  steel 
furnaces  about  25  per  cent,  of  the  heating  power  of  the  fuel  goes  into 
the  steel ;  so  you  are  using  up  as  much  heat  to  run  the  chimney  as 
you  get  efficiently  into  the  steel,  and  that  chimney  heat  is  utilized  to 
produce  draft  at  an  efficiency  of  less  than  1  per  cent.  This  points  to 
the  general  conclusion  that  in  every  case  where  it  is  possible  to*  use 
the  heat  that  is  going  to  the  chimney  for  any  other  purpose  whatever 
it  should  be  thus  used,  and  the  function  of  the  chimney  as  a  draft 
producer  replaced  by  the  fan.  If  you  can  thus  reduce  the  tempera- 
ture of  the  gases  down  even  to  the  ordinary  temperature,  so  much 
the  better. 

I  think  that  the  apparatus  under  discussion  could  well  be  provided 

*  Mining  and  Scientific  PresSy  vol.  cvii.,  No  15,  p.  576  (Oct.  11,  1913). 
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with  feed- water  heaters,  and  thas  redace  the  temperature  of  the  gases 
still  lower,  and  replace  still  further  the  energy  required  by  the  chim- 
ney by  the  mechanical  draft.  You  have  at  least  99  per  cent,  of  the 
heat  energy  in  the  gas  absolutely  wasted  when  you  are  aeing  the 
chimney  simply  as  a  draft  producer. 

D.  S^  Jacobus: — The  first  cost  of  the  boilers  is  greatly  reduced 
through  our  present  practice  as  compared  with  the  old,  as  by  arrang- 
ing the  boiler  and  baffles  properly  a  much  greater  capacity  is 
obtained  for  a  given  amount  of  surface  than  was  possible  with  the 
older  designs.  Whether  it  will  pay  to  install  waste-heat  boilers  at 
temperatures  lower  than  600°  C.,or  somewhat  over  900°  F.,  depends 
on  the  volume  of  gas  involved.  We  are  installing  boilers  to  run  with 
this  temperature  of  gases  where  there  will  be  a  large  return  as  com- 
pared with  the  capital  invested.  How  much  lower  temperatures  we 
can  handle  depends  on  the  individual  case  at  hand,  and  cannot  be 
stated  unless  all  of  the  conditions  are  considered. 

There  is  another  feature  that  was  brought  up  by  Professor  Richards, 
namely,  that  a  feed-water  heater  or  economizer  might  be  used  to  ad- 
vantage in  connection  with  a  waste-heat  boiler.  An  economizer  in 
certain  instances  would  give  a  material  increase  in  the  efficiency,  but 
the  economizer  problem  in  connection  with  a  waste-heat  boiler  is  a 
difficult  one,  because  usually  there  are  times  when  a  large  volume  of 
the  gases  passes  through  the  boiler  at  a  much  lower  temperature 
than  the  average.  When  this  occurs  the  amount  of  heat  absorbed 
by  the  economizer  as  compared  with  that  absorbed  by  the  boiler  in- 
creases, with  the  result  that  steam  may  be  generated  in  the  econo- 
mizer. To  avoid  this  it  is  necessary  to  employ  some  sort  of  an 
automatic  controlling  device. 

A  Member  : — Will  Mr.  Jacobus  tell  us  about  how  cool  it  is  possible 
to  make  the  gases  as  they  leave  the  boiler  ? 

D.  S.  Jacobus  : — The  temperature  of  the  gases  leaving  the  boiler 
depends  upon  the  arrangement  of  the  boiler  surface  and  baffles,  and, 
in  general,  the  higher  the  draft  resistance  the  lower  will  be  the  final 
temperature  of  the  gases  for  a  given  initial  temperature  and  volume 
of  gases.  This  temperature  may  be,  say,  500°  F.,  all  depending  on 
the  particular  arrangement  which  is  used,  the  best  arrangement,  of 
course,  depending  on  the  conditions  existing  at  the  plant.  There  are 
so  many  features  to  the  problem  that  it  is  hard  to  generalize.  In- 
creasing the  velocity  of  the  gases  over  the  heating  surface  increases 


UTILIZATION    OF   THE   WASTE   HEAT   OF   FURNACES.  2897 

the  heat-transfer  rate,  and  with  our  present  practice  the  heatrtransfer 
rate  is  about  twice  what  it  was  for  our  older  practice.  This  does  not 
mean  that  in  applying  a  boiler  to  a  furnace  we  would  necessarily 
secure  double  the  capacity  that  we  would  by  our  older  practice,  as 
there  is  a  given  amount  of  heat  in  the  gases  leaving  the  furnace,  and 
doubling  the  heat-transfer  rate  does  not  therefore  double  the  boiler 
capacity. 

Joseph  Hartshornb,  Pottstown,  Pa.: — I  think  that  Professor 
Richards  has  been  rather  liberal  to  the  chimney.  Prom  my  own  ob- 
servation and  experience,  I  can  say  that  I  think  that  it  will  be 
generally  found  that  the  chimney  loss  of  heat  will  be  much  nearer 
30  per  cent,  than  25  per  cent. 

I  recently  had  occasion  to  make  a  rough  estimate  of  the  amount  of 
heat  which  would  be  available  for  steam  from  the  flue  gases  of  a  50- 
ton  open-hearth  furnace.  The  data,  partly  assumed,  were  as  follows : 
50-ton  heats,  taking  10  hr.  to  finish ;  500  lb.  of  coal,  having  14,000 
B.t.a.  per  pound,  per  ton  of  steel ;  stack  loss,  80  per  cent;  tempera- 
ture of  flue  gases,  1,200°  F. ;  and  temperature  of  gases  leaving  the 
boiler,  600°  P.  On  this  basis,  there  would  be,  in  round  numbers, 
about  50,000,000  B.tu.  available  for  making  steam  during  the  10  hr. 
This  shows  what  can  be  expected,  as  far  as  quantity  of  heat  is 
concerned. 

As  to  practicability,  it  is  well  known  that  the  process  is  being  used 
in  this  country,  fans  being  used  to  draw  the  waste  gases  through  the 
boilers.  In  1912  I  saw  it  successfully  in  use  at  Phoenix-Ruhrort,  on 
two  40-ton  furnaces.  There  was  a  200-h.p.  water-tube  boiler  attached 
to  each  furnace,  to  which  the  waste  gases  came  at  a  temperature  of 
about  700°  C.  There  was  a  stack,  about  20  ft.  high,  beyond  each 
boiler,  into  which  a  pressure  fan  blew  a  stream  of  air,  drawing  the 
gases  through  the  boiler  on  the  ejector  principle.  The  fan  was  driven 
by  an  80-h.p.  motor,  which  seems  an  excessive  power  requirement. 
The  boilers  were  said  to  evaporate  22  liters  of  water  per  square  meter 
of  heating  surface  (0.54  gal.  per  square  foot). 

Drawing  the  gases  through  the  boiler  by  means  of  a  fan  would 
appear  to  be  the  more  economical  and  efficient  method.  The  gases 
should  be  reduced  to  at  least  400°  P.,  which  should  not  be  injurious 
to  the  fan. 

An  added  advantage  is  the  fact  that  the  furnaces  should  be  more 
easily  controlled  by  the  damper,  atmospheric  influences  being  entirely 
eliminated. 
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G.  C.  Stone: — As  to  our  boilers,  the  cost  of  installation  is  very 
small.  *The  cost  of  boiler  per  horse  power  is  large,  as  it  is  necessary 
to  have  a  large  heating  surface.  Our  cost  of  attendance  is  extremely 
small ;  as  our  boilers  are  placed,  they  are  in  widely  separated  parts  of 
the  plant  and  we  take  more  than  we  should,  but  the  actual  labor 
would  be  about  one  man  to  ten  boilers.  The  repairs  to  the  boilers 
have  been  slight  and  the  cost  of  cleaning  has  been  very  small.  We 
are  actually  running  with  the  gas,  as  I  said,  at  450^  C,  which  is 
about  840°  F.,  and  at  times  it  is  as  low  as  800®  C.  It  would  not  pay 
to  put  in  boilers  if  the  gases  were  regularly  at  that  temperature. 


The  Scoria  Process  for  the  Manufacture  of  Fine-Ore  Briquettes, 
Flue-Dust  Briquettes,  and  Slag  Brick  for  Building  Purposes. 

DiflcuasioD  of  the  paper  of  Ernest  Stiitz,  presented  at  the  New  York  Meeting,  October, 
1913,  and  printed  in  Bulletin  No.  79,  July,  1913,  pp.  1257  to  1265. 

H.  O.  HoFMAN,  Boston,  Mass. : — I  have  hunted  in  vain  for  a  figure 
which  gives  a  dehydration  temperature  of  cement.  I  was  wondering 
if  Mr.  Stutz  had  a  figure  of  that  kind. 

E.  Stutz  : — ^No,  I  am  afraid  I  have  not. 

H.  O.  HoFMAN : — ^I  believe  some  figures  have  been  published  that 
cement  disintegrates  at  400°  or  500°  C.  It  seems  to  me  a  very  low 
temperature.  Mr.  Stutz  just  made  the  statement  that  the  disintegra- 
tion of  this  briquette  begins  at  the  temperature  at  which  the  bri- 
quette begins  to  sinter. 

E.  StOtz  : — Above  the  sintering  point. 

H.  0.  HoFMAN : — The  sintering  point  would  be  about  1,200°  0. 

E.  Stutz  : — ^Yes,  roughly  speaking.  I  am  afraid  I  have  no  informa- 
tion about  the  exact  degree  of  dehydration. 

H.  0.  HoFMAN  : — I  have  looked  a  great  deal  for  such  a  figure  and 
I  have  not  been  able  to  obtain  it.  Professor  Howe  says  I  might  have 
tried  myself.  Bat  my  interests  were  directed  in  another  line;  al- 
though that  is,  perhaps,  a  good  suggestion. 

Chairman  Richards  : — Is  not  Portland  cement  sometimes  used  for 
the  test  in  a  cupellation  furnace  and  a  drying-out  furnace  ? 

H.  0.  HoFMAN : — Yes,  it  is  used,  bat  that  is  a  higher  temperature, 
of  course.  But  I  have  been  trying  to  get  a  figure  as  to  where  it 
loses  all  its  water.  I  understand  it  begins  to  lose  water  at  600°  C. 
But  there  are  different  silicates  or  hydrosilicates  in  the  cement,  so 
that  one  would  have  four  or  five  or  six  figures  to  show  the  different 
stages  at  which  the  cement  loses  its  water. 

Chairman  Richards  : — I  would  ask  whether  the  use  of  this  ma- 
terial in  blast  furnaces  has  shown  increased  capacity  of  furnace  or 
decreased  consumption  of  fuel. 

E.  Stutz  : — It  has  shown  decreased  consumption  of  fuel.  With 
43  per  cent,  (calculated  on  the  burden  plus  limestone)  addition  in  the 
shape  of  Scoria  briquettes  furnace  operation  was  absolutely  regular. 
I  have  no  definite  figures  on  coke  consumption. 
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Felix  A.  Vogbl,  New  York,  N.  Y. : — I  want  to  call  attention  to 
the  statement  of  costs  published  by  Mr.  Stiitz  in  his  paper,  which  was 
taken  from  an  article  pablished  by  Dr.  Weiskopf  some  time  ago.  Id 
this  article  the  cost  of  production  by  the  Scoria  process  is  given  as 
82  c,  while  by  Dr.  Schumacher's  process  it  is  given  as  41  c.  I  would 
like  very  much  to  know  whether  the  32  c.  represents  the  actual  cost 
as  obtained  in  every-day  practice.  We  have  a  plant  in  Austria,  pro- 
ducing 200  tons  daily,  which  actually  makes  briquettes  for  25  c.  in 
American  money  per  ton,  besides  two  plants  in  Germany  which  are 
operated  for  less  than  30  c,  including  amortization.  The  figure  given 
by  Dr.  Weiskopf  of  41  c.  was  obtained,  not  from  an  operating  plant, 
but  from  the  estimated  operating  cost  of  a  one-press  plant  furnished 
by  the  press  manufacturers,  and  this  cost  is  very  conservative  and 
away  within  actual  operating  costs.  At  a  plant  at  the  works  of  the 
Lackawanna  Steel  Co.,  which  is  an  experimental  plant  only,  and 
where  no  labor-saving  devices  have  been  provided  for  briquette  hand- 
ling, and  where  the  flue  dust  is  screened  very  roughly  through  a 
grizzly  at  considerable  expense,  the  actual  operating  cost  has  been 
around  69  c.  for  several  months. 

It  would  be  very  interesting  to  find  out  whether  the  Scoria  process 
can  actually  make  briquettes  for  82  c,  in  view  of  the  fact  that  the 
process  is  much  more  complicated  than  is  the  Schumacher  process, 
in  which  either  pickling  liquor  or  a  cheap  sulphate  of  iron  is  the  only 
substance  added  to  the  dust,  whereas  in  the  Scoria  process  some  8  to 
10  per  cent,  of  slag  must  be  added,  and  the  slag  must  be  ground  to 
the  fineness  of  cement. 

E.  St(Jtz  : — The  figures  in  my  paper  were  taken  from  Siahl  und 
Msen  and  translated  into  dollars  and  cents  and  pounds.  As  those 
given  in  Stahl  und  Msen  were  not  questioned  at  the  meeting  of  the 
Verein  deutscher  Hiittenleute,  where  they  were  presented,  there  was 
no  need  for  me  to  inquire  into  their  origin.  I  have  no  operating 
figures  of  a  plant  in  the  United  States.  In  regard  to  the  expense 
of  preparing  the  slag,  certainly  slag  has  to  be  taken  in  the  granular 
state,  but  the  grinding  is  not  a  very  expensive  process.  Of  course, 
the  material  is  first  hydrated,  and  in  that  way  is  made  very  soft,  and 
the  grinding  is  more  of  a  grinding  and  mixing  operation. 

Felix  A.  Vogel  : — As  far  as  the  hydration  of  slag  is  concerned, 
there  seems  to  be  little  foundation  for  the  claims  made.  After  the 
so-called  hydration,  which  purposes  in  itself  a  disasBociation  of  the 
slag  into  minute  particles,  the  slag  must  yet  be  ground  in  Chilean 
mills.     The  claim  of  the  Scoria  patent,  as  we  understand  it,  is  that 
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the  slag,  when  it  is  submitted  to  superheated  steam,  will  hydrate, 
and,  furthermore,  disintegrate.  This,  however,  does  not  seem  to  be 
the  case,  necessitating  a  second  operation.  You  have  then  two  opera- 
tions: the  first  one,  of  submitting  granulated  slag  to  superheated 
steam  in  mixing  apparatus,  and  the  second  one,  of  subsequently 
grinding  the  hydrated  slag  in  Chilean  mills. 

Dr.  Schumacher  controls  a  process  which  is  quite  similar  to  the 
Scoria  process.  However,  the  slag  is  ground  fine  without  preliminary 
hydration  in  steam  cylinders,  the  briquettes  being  hardened  under 
steam  pressure  only.  This  process,  using  only  3  to  4  per  cent,  of 
slag  and  about  0.5  per  cent,  of  lime,  is  much  simpler  than  the  Scoria 
process,  which  uses  from  8  to  10  per  cent,  of  slag. 

E.  Stutz  : — ^In  regard  to  Mr.  VogePs  statement  that  there  is  noth- 
ing in  hydrating,  I  think  there  is  a  great  deal  in  hydrating  as  a  suit- 
able preparation  of  the  binder.  By  it  the  briquettes  are  made 
extremely  porous,  and  while  the  binder  is  hydraulic  during  its  pas- 
sage through  the  top  gases  it  is  turned  into  a  fusion  binder  in  the 
hearth.  I  do  not  know  what  objections  Mr.  Schumacher  found  to 
the  process,  but  it  is  in  use  and  those  are  the  advantages  claimed 
for  it. 

Fblix  a.  Voqel: — ^I  understand  there  are  two  plants  using  the 
Scoria  process  in  Germany  at  present,  neither  of  which  has  shown 
the  operating  costs  here  published. 

F.  L.  Grammer,  Leesburg,  Va.  (communication  to  the  Secretary*) : 
— The  table  ofiered  by  E.  Stiitz  of  the  various  agglomerating  devices 
is  interesting,  but  there  are  influencing  factors  in  selecting  a  process 
not  there  exhibited;  for  example,  the  great  purity  of  the  Grondal 
brick. 

It  is,  however,  in  Dr.  Weiskopf  s  citation  that  furnacemen  will  find 
valuable  thought.  Most  of  us  have  felt  that  blast  pressure  regardless 
of  volume  influenced  reduction  of  ores  and  combustion  of  fuel.  It  is 
true  that  the  best  fuel  records  are  found  in  the  charcoal  furnaces  of 
Europe,  where  rich  uniform  ores  are  used  and  a  metal  of  very  low 
silicon  is  made,  and  such  furnaces  exhibit  low  blast  pressure.  It  is, 
however,  to  the  ore  richness,  fine  crushing  (1  to  1.6  in.),  acid  slag, 
low  silicon  in  metal,  and  absence  of  sulphur  in  ore  that  we  have 
usually  given  the  credit  for  low  fuel  consumption. 

If  two-thirds  of  the  gas  produced  in  high-pressure  blast-furnace 
plants  goes  to  boilers,  certainly  much  less  would  be  required  where 

*  Received  Aug.  9,  1913, 
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the  blast  pressure  is  7  lb.  than  where  it  is  17  lb.  It  is  only  by  the 
greatest  plant  economies  in  the  use  of  steam  that  these  pressares 
were  overcome  without  turning  the  furnace  into  a  gas  producer  by 
lightening  the  burden  to  make  a  richer  gas  fuel. 

In  a  paper  presented  at  the  New  York  meeting  of  the  Institute  in 
October,  1903,  I  cite  *  20  to  80  cu.  ft.  of  furnace  space  per  ton  of  iron 
per  24  hr. ;  this  was  under  the  conditions  of  high  pressure  of  blast 
and  great  velocity.  The  fuel  consumptions  were  not  such  as  to  excite 
remark  either  way. 

If  with  low  pressure  and  slow  driving  and  the  consequent  fuel 
economy  such  outputs  as  1  ton  per  35  cu.  ft.  are  obtained,  the  matter 
is  of  great  interest. 

Ernest  Stutz,  New  York,  N.  Y.  (communication  to  the  Secre- 
tary*) : — In  further  reply  to  Professor  Hofman's  question  regarding 
hydration  temperature  of  cenaent,  I  have  consulted  Professor  Mathe- 
sius  and  am  advised  that  according  to  previous  publications  the  loss 
of  water  begins  at  500°  C.  and  increases  up  to  1,100°  to  1,200°  C. 
As  far  as  known,  it  has  not  been  possible  to  determine  the  presence 
of  definite  hydrates  which  are  decomposed  at  fixed  limits  of  tempera- 
ture. 

Some  practical  experience  has  been  derived,  however,  from  the 
manufacture  of  so  called  Dinas  stones  from  ground  quartz  with  an 
addition  of  from  3  to  4  per  cent,  of  caustic  lime.  Pressed  into  brick 
shape,  these  are  hardened  in  cylinders  similar  to  those  used  in  the 
Scoria  process.  Also  German  sand-lime  bricks  are  made  in  a  similar 
manner  but  with  a  considerably  larger  addition  of  lime.  In  the  sub- 
sequent burning  process  of  the  Dinas  stones  it  was  found  that  be- 
tween 1,100°  and  nearly  1,500°  C.  these  stones  aVe  excessively  sensi- 
tive to  shocks  or  loads.  In  the  kilns  it  is  therefore  impossible  to 
place  more  than  two  or  at  the  outside  three  layers  on  top  of  one 
another,  because  otherwise  the  bottom  bricks  are  crushed  in  the 
course  of  the  burning  operations. 

The  sintering  process  between  lime  and  quartz  begins  to  bind  only 
after  heating  in  a  very  careful  manner  to  nearly  1,500°  C.  and  gives 
the  Dinas  stones  their  well-known  solidity.  Precisely  the  same  ob- 
servation can  be  made  with  ore  briquettes  composed  of  lime  and  iron 
oxide  or  cement  and  iron  oxide.  The  hydrating  binder  is  destroyed 
at  a  tempefature  between  1,000°  and  1,100°  C.  and  the  sintering 
binder  becomes  active  only  at  higher  temperatures,  so  that  the  de- 
struction of  such  briquettes  is  liable  to  occur  in  the  blast  furnace. 

»  Trafw.,  xxxiv,  616  (1903). 
*  Received  Nov.  29,  1913. 
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The  special  advantage  of  the  Scoria  process  lies  in  the  fact  that 
with  blast-furnace  cinder,  sintering  as  it  does  between  1,050°  and 
1,100°  C,  the  hydrosilicates  are  destroyed  only  after  the  sinter  bind- 
ing has  begun  to  be  operative.  For  that  reason,  as  the  operation  of 
the  process  during  a  number  of  years,  h,as  proved,  the  Scoria  bri- 
quettes maintain  their  lumpy  consistency  up  to  the  melting  zone. 

Mr.  Lee's  paper  is  highly  interesting,  as  it  brings  out  the  point 
that  a  saving  in  coke  cannot  be  claimed  for  operation  with  nodulized 
material. 

Permission  to  publish  the  coke  consumption  of  German  furnaces 
running  on  briquettes  is  unfortunately  not  obtainable,  but  it  is  cer- 
tainly equal  to  the  best  published  performances  of  American  furnaces 
running  on  good  lumpy  ores  for  Bessemer  iron. 

Another  interesting  statement  of  Mr.  Lee's  concerns  the  COg :  CO 
proportion  as  being  between  1 : 1.8  and  1 :  2.6  for  gas-reduced  ores 
(which  is  in  accordance  with  German  experience),  while  with  ores 
hard  to  reduce  the  proportion  is  only  from  1 : 4  to  1 :  6.  In  the  latter 
case  it  seems  safe  to  assume  that  coke  consumption  will  be  still 
above  Mr.  Lee's  figures  of  2,300  to  2,400  lb.  per  ton  of  iron. 

Assuming  a  cost  of  nodulizing  about  equal  to  that  in  Germany 
(from  75  c.  to  $1  per  ton)  with  no  resulting  saving  of  coke,  it  appears 
that  these  costs  are  not  counterbalanced  by  any  advantages  in  fur- 
nace operation.  With  Scoria  briquettes  these  conditions  are,  how- 
ever, greatly  improved  and  coke  consumption  is  sensibly  reduced, 
completely  offsetting  any  greater  cost  of  installation. 

Mr.  Vogel's  discussion  adds  little  to  the  general  knowledge  of 
the  subject  of  briquetting.  It  is  true  that  Scoria  boasts  so  far  of 
only  two  installations,  but  these  are  in  operation  with  two  of  the 
admittedly  most  up-to-date  German  metallurgical  establishments, 
Krupp  and  Thyssen.  Both  closely  investigated  all  other  methods, 
including  Dr.  Schumacher's,  and  after  investigation  and  trial  pre- 
ferred Scoria.  They  found  that  the  process  did  not  confine  itself  only 
to  the  briquetting  of  flue  dust,  that  the  solidity  of  the  briquettes  did 
not  vary  from  day  to  day  according  to  differences  in  operating  condi- 
tions, and  that  it  could  be  used  for  fine  ores  together  with  flue  dust 
or  without  it. 

At  the  Thyssen  plant  it  was  found  by  lengthy  experiments  that  the 
Scoria  process  alone  among  all  others  was  able  to  make  solid  bri- 
quettes of  the  fine  Norwegian  concentrates  (ground  to  an  average 
diameter  of  0.1  mm.)  so  as  to  be  reducible  in  the  top  gases;  thereby 
reducing  coke  consumption.  Even  the  Grondal  process  was  not  able 
to  make  briquettes  of  sufficient  hardness  with  this  material. 


Shock  Tests  of  Cast  Steel. 

Discuflsion  of  the  paper  of  John  H.  Hall,  presented  at  the  New  York  Meeting,  October, 
1913,  and  printed  in  BulUUn  No.  79,  Julj,  1913,  pp.  1247  to  1256. 

William  R.  Wbbstbr,  Philadelphia,  Pa. : — I  would  like  to  call 
attention  to  the  fact  that  the  results  of  the  ordinary  tension  and  bend 
tests  do  not  always  give  us  the  information  we  want  even  if  we  figure 
out  the  amount  of  work  done.  You  want  a  hending  test  of  sufficient 
width  and  full  thickness.  In  the  case  of  eyebars,  for  instance,  I  have 
had  experience  with  a  10-  by  1-in.  eyebar  which  gave  perfectly  good 
results  in  a  full-size  test  of  the  finished  bar.  The  10-  by  l.S-in.  and 
10-  by  1.76-in.  eyebars  from  the  same  heats  of  steel  were  abBolutely 
worthless  in  full-size  tests.  The  narrow  bending  tests  from  all  these 
bars  gave  good  results.  Bnt  after  going  into  the  matter  fully,  we 
found  that  if  pieces  about  3  in.  wide  and  full  thickness  were  used  for 
the  cold  bending  tests,  the  heavier  material  would  not  stand  this  test, 
but  failed.  That  is,  in  order  to  check  the  quality  of  the  rolled  bar 
you  should  have  a  wide  piece  of  full  thickness  for  cold  bending,  as 
the  narrow  pieces  give  misleading  results. 

J.  E.  Johnson,  Jr.,  New  York,  N.  T. : — ^I  would  like  to  ask  if  there 
have  been  any  tests  made  to  compare  the  results  of  Charpy  tests  with 
the  true  dynamic  test  similar  to  the  Wohler  test,  except  that  the  piece 
is  subjected  to  a  tensile  or  compressive  stress  and  to  alternating  stresses 
in  addition,  at  the  same  time.  This  seems  to  me  to  approach  more 
nearly  than  any  other  test  to  the  conditions  of  actual  service  where 
the  piece  is  under  a  fixed  initial  stress  plus  a  highly  variable  and 
often  alternating  stress.  Some  tests  were  made  on  this  plan  in  Eng- 
land within,  a  year  or  two.  The  test  piece  was  subjected  to  either  a 
tensile  or  compressive  stress  of  known  amount  and  simultaneously 
to  alternating  stresses  in  addition.  Such  a  test  as  this  gives  informa- 
tion which  we  cannot  get  by  a  tensile  test  or  even  from  the  tensile 
strength  multiplied  by  an  elongation.  Such  tests,  however,  are  ex- 
ceedingly tedious  and  require  long  periods  of  time  in  order  to  obtain 
valuable  results.  If  material  could  be  subjected  to  these  dynamic 
tests  and  the  same  material  to  the  Charpy  shock  test,  and  if  some 
reasonable  qualitative  relation  could  be  established  between  the 
results  of  the  two  tests,  then  we  could  assume  that  the  shock  test, 
which  is  so  simple  and  easy  to  make,  was  a  measurably  accurate  test 
of  the  dynamic  qualities  of  the  material.    At  present  it  does  not  seem 
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to  me  that  we  have  any  adequate  ground  for  assuming  this  to  be  the 
case,  though  I  do  not  by  any  means  wish  to  intimate  that  it  is  not. 
I  would  like  to  know  if  these  gentlemen  who  are  familiar  with  this 
subject  know  whether  anything  has  been  done  along  this  line. 

Bradlet  Stoughton,  New  York,  N.  T. : — I  would  like  to  say  a 
word  further  as  to  the  value  of  the  shock  test.  I  have  used  it  in  two 
separate  ways.  About  two  years  ago  I  had  occasion  to  measure  the 
strength  of  gear  teeth  under  shock.  The  usual  way  is  to  raise  a  heavy 
weight  and  allow  it  to  fall  on  a  tooth  and  see  if  it  breaks  the  tooth 
off.  If  it  does  not  break  it  off  the  first  time,  one  allows  it  to  fall 
again,  and,  after  a  certain  number  of  blows,  the  tooth  breaks.  In 
some  cases  it  is  even  more  crude  than  that ;  a  man  taking  a  sledge- 
hammer and  hammering  on  the  point  of  a  tooth  until  he  breaks  it. 
These  seem  to  be  the  accepted  forms  of  testing  the  strength  of  gear 
teeth.  So  a  couple  of  years  ago,  having  this  problem  under  con- 
sideration, I  made  a  special  form  of  test  piece  and  rigged  up  a  special 
form  of  Fremont  machine  to  break  the  teeth  off  at  the  base  and 
measure  the  residual  force  left  in  the  falling  weight.  We  never  got 
beyond  a  first  investigation,  which  I  think  gave  us  some  data  to  show 
that  it  did  give  an  indication  of  the  strength  of  the  tooth  in  service. 
But  I  am  hoping  that  the  work  may  be  continued. 

More  recently  Professor  Campbell,  of  Columbia,  has  made  some 
Fremont  shock  tests  for  me  on  some  steel  castings  and  there  we  had 
a  very  remarkable  result  in  one  respect.  The  castings,  which,  under 
the  tensile  test,  appeared  to  be  excellent,  and  did  not  disclose  any 
evidence  of  overheating  in  the  tensile  strength  fracture,  when  tested 
in  the  Fremont  machine  gave  almost  no  resistance  to  shock.  Fur- 
thermore, the  fracture  was  as  coarse  looking  as  if  the  castings  had 
been  badly  Werheated.  Certainly  those  castings  were  not  what  they 
should  have  been,  and  yet  the  tensile  test  did  not  give  us  any  indica- 
tion of  their  dangerous  character.  Perhaps  Professor  Campbell  would 
be  willing  to  say  something  more  about  that. 

William  Campbell,  New  York,  N.  Y. : — ^I  think  one  of  the  main 
objections  to  the  shock  test  is  because  material  that  is  thought  to  be 
very  good  often  appears  to  be  very  bad  under  shock.  The  steels  that 
Mr.  Stoughton  sent  me,  six  different  samples,  were  apparently  very 
good,  and  I  expected  to  get  fairly  decent  readings  on  all  of  them ; 
but  three  of  the  samples  were  so  brittle  that  they  broke  almost  like 
sugar  would  break.  The  fracture  was  absolutely  different  from  the 
fracture  you  get  under  the  tensile  machine.     And  on  cutting  these 
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samples  up  and  examining  them  under  the  microscope  we  readily 
found  out  what  the  trouble  was.  The  microstructure  was  absolutely 
different  from  that  of  good  material.  It  seems  that  the  impurities, 
manganese,  sulphide,  slag,  etc.,  had  arranged  themselves  around  the 
austenite  grain  during  solidification,  and  under  this  form  of  test  the 
weakness  from  such  a  structure  is  immediately  shown  up,  whereas 
frequently  it  is  not  at  all  patent  when  we  take  the  results  from  the 
ordinary  tensile  test  piece.  One  objection  to  the  drop  testing  machine 
of  the  Fremont  type  is  the  fact  that  it  has  to  be  calibrated  pretty  fre- 
quently. It  appears  that  the  springs  vary  somewhat,  and  the  original 
calibrated  card  that  is  supplied  with  the  machine  does  not  remain 
accurate  very  long;  but  from  the  fact  that  the  machine  can  be  so 
very  easily  re-calibrated  that  feature  does  not  seem  to  take  much 
from  its  value. 

K.  W.  ZiBLMERSCHiBD,  Detroit,  Mich. : — The  remarks  of  Professor 
Campbell  seem  to  have  a  strong  bearing  upon  a  new  conception  of  the 
structure  of  steel,  which  is  gaining  a  number  of  adherents.  Lately  there 
has  been  a  good  deal  written  about  the  greater  strength  of  the  inter- 
crystalline  material  in  a  piece  of  steel  than  that  of  the  intracrystalline 
part ;  that  is,  it  is  held  that  the  crystals  themselves  are  weaker  than 
the  amorphous  material  which  lies  between  them.  U  this  is  the  case, 
the  more  intercrystalline  material  there  is  present,  the  stronger  will 
be  the  structure  as  a  whole.  Now  when  Professor  Campbell  shows 
that  his  sample,  which  broke  under  shock  with  very  little  resistance 
to  fracture,  contained  a  considerable  amount  of  impurities  around  the 
grains,  it  may  be  argued  that  this  weakness  is  due  more  to  the  lack 
of  strong  intercrystalline  material  than  to  any  inherently  greater 
weakness  of  the  crystals  themselves. 


William  E.  Webster,  Philadelphia,  Pa. : — J.  E.  Stead,  in  dis- 
cussing C.  H.  Ridsdale's  paper  on  The  Correct  Treatment  of  Steel — 
read  before  the  Iron  and  Steel  Institute  of  Oreat  Brituin  in  1901 — 
gives  a  very  good  explanation  of  why  steel  that  had  given  satisfactory 
results  in  the  tension  tests  sometimes  breaks  unexpectedly  under 
shock.     He  said : 

<<  The  author  had  pointed  out  the  bearing  the  dimensions  of  the 
crystalline  grain  had  upon  the  strength.  In  the  tension  testing- 
machine,  they  did  not  get  much  difierence  between  a  coarse-grained 
and  a  fine-grained  crystalline  steel  when  the  strain  was  gradually 
applied ;  but  under  a  falling  weight  the  difference  was  most  marked, 
and  often  the  coarse-grained  steel  would  snap  like  a  carrot.     Such 
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fractares  were  not  due  to  intergranular  deposits,  but  to  true  separa- 
atioD  of  the  cleavage  planes.  The  large  crystal  masses  present  large 
planes  of  weakness,  and  when  a  strain  was  brought  to  bear  upon 
these  crystals,  they  separated  through  their  mass,  and  once  the 
cleavage  was  started,  it  rapidly  traveled  from  crystal  to  crystal  through 
the  whole  section  of  the  steel.  When  he  was  studying,  many  years 
ago,  the  crystalline  structure  of  steel,  he  obtained  very  coarse  crystal- 
line steel,  which  elongated  30  per  cent,  in  the  testing  machine,  and 
yet  when  a  small  section  was  placed  upon  a  Y  block,  and  a  sudden 
blow  was  given  so  as  to  put  the  under  surface  in  sudden  tension,  on 
examining  the  piece  under  the  microscope,  he  found  that  one  or 
two  of  the  crystals  in  the  centre  of  the  piece  in  which  the  cleavages 
happened  to  be  vertical  or  at  right  angles  to  the  surface  had 
fractured." 

ALDiiRT  Sauveur,  Cambridge,  Mass. : — I  am  glad  to  see  Mr.  Hall 
call  attention  to  the  usefulness  of  the  shock  tests  for  detecting  that 
kind  of  brittlenesB  existing  in  certain  steels,  which  is  not  readily  de- 
tected by  the  tensile  test.  I  agree  with  him  that  shock  tests  are  not 
used  in  this  country  as  frequently  as  they  should  be.  When  in 
France,  I  visited  a  number  of  industrial  laboratories  and  was  im- 
pressed by  the  very  general  use  of  the  shock  tests  and  the  excellent 
results  they  yielded.  The  close  relation  existing  in  castings  between 
coarseness  of  structure  and  brittleness  under  shock  is  well  brought 
out  by  Mr.  Hall,  as  is  also  the  strengthening  influence  of  quenching 
very  mild  steel  and  the  value  of  such  treatment  in  increasing  its 
resistance  to  shock. 

HuQH  P.  TiBMANN,  Pittsburg,  Pa.  (communication  to  the  Secre- 
tary*) : — Mr.  Stoughton  referred  to  insolated  coarse  crystals  frequently 
found  in  large  castings  after  annealing,  and  remarked  that  it  would 
be  of  interest  to  have  this  subject  investigated  and  its  cause  deter- 
mined. 

This  is  one  of  the  efiects  of  mass  which  is  principally  mechanical 
in  its  nature  and  perhaps  for  this  reason  has  apparently  received  little 
attention;  at  least,  judging  by  what  has  been  published. 

The  structure  of  castings  is  greatly  influenced  by  the  rate  of  cool- 
ing, which  with  those  of  large  size  is  extremely  slow,  due  to  the  large 
mass  itself,  and  materially  assisted  by  the  refractory  (non-conducting) 
nature  of  the  molds  in  which  they  are  generally  cast.  The  cooling  is 
also  retarded  by  increasing  the  initial  (pouring)  temperature,  particu- 

*  Received  Nov.  14,  1913. 
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larly  daring  the  critical  period  when  crystallization  occurs,  since 
there  is  more  heat  to  be  dissipated  and  the  interior  of  the  mold  is 
brought  to  a  higher  temperature. 

Under  these  conditions  the  crystals  may  be  f  to  }  in  or  even  larger 
across,  which  renders  a  casting  unable  to  withstand  any  violent 
shocks  or  stresses  to  which  a  roll,  for  example,  is  subjected.    Cases 
have  come  to  the  writer's  attention  where  a  handful  of  loose  crystals 
could  be  secured  by  striking  a  casting  a  single  blow  with  a  light 
hammer.    Such  a  casting  wasis  composed  of  coarse  crystals  throughoot, 
either  because  it  had  escaped  annealing  through  some  accident,  or 
because  of  excessive  shrinkage  strains  during  the  initial  cooling,  to 
which  reference  is  made  later.     "  Ingotism  "  is  the  term  which  Howe 
has   applied  to  this  condition.     To  secure  a  durable  casting,  the 
crystals  must  be  refined,  usually  by  annealing.     This  consists  in  ex- 
tremely slow  heating  to  a  temperature  somewhat  above  the  critical 
point  (Ac3),  at  which  the  object  is  held  for  some  time,  and  then 
slowly  cooled. 

Where  there  is  no  danger  of  setting  up  cracks  or  excessive  strains, 
which  is  generally  only  true  of  relatively  small  pieces  with  simple 
sections,  a  finer  structure  can  be  secured  by  quenching  in  water  or  oil 
than  by  simple  annealing,  this  latter  treatment  or  a  partial  reheating 
(tempering)  being  subseqently  employed  to  remove  as  far  as  possible 
any  strains  or  brittleness,  and  thereby  render  the  material  tougher 
because  more  ductile. 

By  either  of  these  methods  of  treatment,  even  where  repeated,  there 
will  almost  invariably  remain  in  castings  of  any  considerable  size 
some  large  isolated  crystals,  which  stand  out  prominently  in  the  sur- 
face of  a  fracture,  being  capable  apparently  of  resisting  any  purely 
thermal  treatment,  and  surrounded  by  fine-grained  material  resulting 
from  the  given  treatment.  Forging  or  rolling  (mechanical  working) 
at  the  relatively  high  temperature  customary  for  these  operations  is 
the  only  method  by  which  such  crystals  can  be  broken  up  and  refined. 

Such  a  condition-  is  commonly  explained  as  due  to  too  high  a  pour- 
ing temperature  producing  coarse  crystals  which  cannot  be  refined  by 
heat  treatment  alone.  This  partial  explanation  is  not  restricted  to 
ordinary  workmen  who  are  accustomed  to  observe  an  effect  without 
studying  the  cause,  but  is  also  given  by  those  whose  training  would 
naturally  be  supposed  to  lead  them  to  study  why  such  a  condition 
should  bring  about  this  result. 

A  microscopic  examination  will  show  that  the  structure  of  the 
isolated  crystals  in  a  carefully  annealed  casting  is  the  same  as  that  of 
the  surrounding  fine-grained  material,  hence  it  is  not  a  case  where  it 
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is  impossible  for  the  effect  of  the  heat  treatment  to  penetrate  to  all 
parts  alike. 

A  casual  examination  will  usually  be  sufficient  to  show  that  these 
isolated  crystals  may  be  actually  separated  in  places  from  the  sur- 
rounding mass,  and  the  writer  has  found  in  some  cases  that  the  space 
was  sufficient  to  permit  the  insertion  of  a  penknife  blade  or  other 
slender  object  to  a  depth  of  J  in.  or  even  more.  In  other  words,  we 
are  here  concerned,  not  with  one  continuous  mass,  but  with  several 
more  or  less  separate  and  distinct  entities,  and  it  would  be  as  reason- 
able to  expect  two  pieces  of  steel,  one  simply  laid  in  imperfect  contact 
with  the  other,  to  be  united  together  by  simple  heating,  as  for  these 
crystals  to  become  incorporated  with  the  surrounding  mass  by  this 
treatment.  Since  oxidation  is  absent,  forging  or  rolling  will  weld 
these  surfaces  together,  as  has  been  shown  by  Stead  in  the  case  of 
sufficiently  deep-seated  blow-holes. 

The  separation  of  the  crystals  is  evidently  due  to  the  contraction 
after  solidification,  which  is  a  different  condition  from  that  causing  a 
pipe  or  other  contraction  cavity  produced  practically  entirely  during, 
and  not  after,  solidification.  Upon  solidification  the  original  external 
dimensions  of  a  casting  are  determined  by  the  internal  dimensions 
of  the  mold,  its  subsequent  contraction  being  progressively  resisted 
by  successive  interior  layers  which  are  at  a  higher  temperature. 
These  interior  layers  will  then  continue  to  contract  after  the  con- 
traction of  the  exterior  layers  has  practically  ceased,  and  the 
strains  thus  set  up  may  be  sufficient,  under  extreme  conditions,  to 
bring  about  actual  breaks  in  the  continuity,  whereupon  the  stresses 
at  these  places  will  fall.  Where  the  strains  have  been  insufficient  to 
cause  actual  separation,  suitable  heat  treatment  will  have  a  refining 
effect  on  the  entire  structure,  unless  perhaps  where  they  are  very 
great  This  same  condition  is  probably  largely  responsible  for  the 
brittle  and  crumbly  condition  of  overheated  (not  burnt)  steel. 

William  C.  Chancellor,  Pittsburg,  Pa.  (communication  to  the 
Secretary  *) : — In  practice,  it  is  usually  the  case  that  shock  tests,  fa- 
tigue tests,  etc.,  are  regarded  as  superfluous  and  belonging  to  the  theo- 
retical side  of  metallurgy.  While  bringing  out  the  extreme  sensi- 
tiveness of  the  Fremont  test,  Mr.  Hall,  in  his  paper.  Shock  Tests  of 
Cast  Steel,  shows  in  a  very  conclusive  way  that  tests  of  this  sort  yield 
practical  information  on  the  behavior  of  steels  which  is  more  vital, 
possibly,  than  the  information  obtained  by  the  usual  tensile  tests. 

I  have  had  occasion  to  make  some  very  simple  shock  tests,  and  the 

*  Keceived  Sept  10,  1913. 
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results  are  given  here  to  further  bring  out  the  practical  and  useful 
nature  of  this  class  of  test  in  cases  where  the  usual  tensile  methoda 
furnish  little  or  no  idea  of  the  relative  quality  of  steels.  Unfortu- 
nately, these  tests  are  not  comparable  with  any  other  tests.  The 
method  is  very  crude,  having  no  means  of  measuring  the  residual 
energy  of  the  final  blow.  The  test  piece  is  a  round  bar,  0.75  in.  in 
diameter  and  12  in.  long.  It  is  notched  with  a  cutter  having  a  guard 
which  prevents  the  notch  from  being  over  -^  in.  in  depth.  The  test 
piece  is  held  firmly  in  the  machine  by  wedges  and  the  blows  are 
struck  by  a  weight  of  56  lb.  falling  1  ft.  The  striking  part  of  the 
weight  is  equipped  with  a  knife  edge.  Even  under  these  unfavor- 
able conditions  it  is  evident,  from  the  following  data,  that  the  drop 
test  throws  a  very  important  light  on  the  behavior  of  cast  steel,  and 
that  the  results  are  much  more  conclusive  and  consistent  than  the 
results  of  the  tensile  tests. 

In  the  first  set  are  given  the  results  of  annealing  mild  east  steel  at 
various  temperatures.  The  figures  for  the  drop  test  are  the  average 
of  at  least  two  tests,  while  the  tensile  tests  are  the  results  of  one  bar 
annealed  at  each  temperature.  This  was  thought  sufficient  on  ac- 
count of  the  slight  variation  in  strength  for  a  considerable  variation 
in  temperature.  All  specimens  were  from  the  same  grade  of  steel 
and  annealed  under  the  same  conditions  except  temperature. 

Theoretically,  the  correct  annedling  temperature  for  this  grade  of 
steel  is  875^  C,  and  the  results  should  be  higher  as  the  temperature 
increases  up  to  this  point  and  then  fall  off  as  the  temperature  rises 
from  875°  to  1,200°  C.  In  neither  the  drop  nor  the  tensile  tests  is 
this  strictly  the  case,  as  there  are  some  variations  in  both,  but  much 
more  in  the  latter  than  in  the  former. 


Tensile  Tesu. 

Drop 

Tests. 

Annealing 

Elastic 

XTltimate 

Elongation  in  , 

Redaction 

Temperature. 

Limit. 

Strength. 
Lb.  per  Sq.  In. 

2  Inches. 

of  Area. 

Foot- 

Breaking 

Degrees  C. 

Lb.  per  Sq.  In. 
32,700 

Per  Cent.      ' 
21.0 

Per  Cent. 

Pounds. 

Angle. 

*A8  cast 

67,000 

22.3 

170 

4.0 

760 

35,400 

66,300 

26.5 

29.7 

280 

8.5 

800 

38;800 

75,600       1 

21.6 

24.4 

390 

9.0 

850 

44,600 

72,600       1 

22.0 

28.1 

340 

7.0 

900 

40,800 

74,500 

28.5 

40.8 

670 

19.5 

950 

41,500 

79,100       ' 

30.5 

44.6 

450 

15.0 

1,000 

41,500 

79,700 

33.8 

66.0      ' 

660 

15.0 

1,100 

39,300 

76,900 

25.0 

33.1       . 

460 

12.0 

1,200 

39,500 

69,700 

1 

26.5 

1 

37.0 

460 

15.0 

The  main  point  brought  out  by  the  comparison  is  that  while  the 
tensile  tests  show  only  an  indifferent  change  in  strength  for  a  consid- 
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erable  change  in  temperaturo,  the  drop  tests  show  a  radical  change 
for  each  change  in  temperature.  The  highest  ultimate  strength, 
79,700  lb.  per  square  inch,  is  only  19  per  cent,  greater  than  the 
strength  of  the  unannealed  steel,  67,000  lb.  per  square  inch,  while 
the  greatest  resistance  to  shock,  670  ft-lb.,  is  298  p«r  cent,  greater 
than  the  unannealed  steel,  170  ft-lb. 

The  superior  value  of  the  drop  test  in  detecting  the  relative  quality 
of  steels  which  show  similar  tensile  results  is  again  brought  out  in  the 
following  tests  to  determine  the  effects  of  oxidation  on  the  steel  as 
manufactured  in  the  open-hearth  furnace. 

A  series  of  heats,  made  with  no  special  precautions  against  oxida- 
tion, gave  the  following  results  : 

Tensile  strength,  lb.  persq.  in 72,000 

Elastic  limit,  lb.  per  sq.  in 34,000 

Drop  test,  foot-pounds 429 

A  second  series  of  heats  were  made,  using  special  precautions 
against  oxidation  in  melting  and  working  the  heats.  These  gave  the 
following  results : 

Tensile  strength,  lb.  persq.  in 73,000 

Elastic  limit,  lb.  persq.  in 38,000 

Drop  test^  foot-pounds 616 

The  variations  in  the  tensile  tests  of  the  two  series  are  no  more 
than  could  be  expected  in  steel  of  the  same  quality,  but  the  drop  test 
shows  that  there  is  43  per  cent,  greater  resistance  to  shocks  in  the 
specially  treated  steel  over  the  regular  product. 

In  both  of  the  sets  of  tests  given  here,  the  conclusion  to  be  drawn 
from  the  tensile  tests  alone  is  that  there  is  very  little  difference  in  the 
quality  of  the  steels  tested,  but  the  drop  test  leaves  little  doubt  as  to 
the  superiority  of  certain  steels  over  others. 

Henry  M.  Howe,  New  York,  N.  Y.  (communication  to  the  Secre- 
tary *) : — Mr.  Hall  does  well  to  bring  up  the  impact  test,  for  Amer- 
ican engineers  have  given  it  neither  the  attention  which  it  has  received 
in  Europe  nor  that  to  which  it  is  entitled.  I  will  reinforce  what  he 
says  by  showing  further  that,  though  in  many  cases  it  shows  nothing 
more  than  the  tensile  does,  yet  in  other  and  very  important  cases,  it 
measures  the  fineness  of  structure  and  the  resultant  valuable  service 
qualities  where  the  tensile  test  fails  to. 

If  a  specimen,  a,  Fig.  15,  notched  on  its  lower  side  midway  of  its 

*  Keoeived  Oct.  9,  1913. 
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length  and  resting  on  massive  supports  at  both  ends,  is  broken  by 
the  impact  of  a  falling  ram,  c,  delivering  a  blow  by  means  of  a  knife 
edge,  d^  the  resistance  which  its  bending  and  breaking  offer  to  the 
progress  of  the  ram  reduces  the  energy  of  the  blow.  We  know  from 
the  mass  of  the^ram  and  the  height  from  which  it  falls,  its  energy  at 
the  instant  of  impact,  and  we  measure  by  appropriate  means  the 
energy  left  in  the  ram  after  it  has  broken  the  specimen.  Subtracting 
the  latter  from  the  former  we  get  the  energy  consumed  in  bending 
and  breaking  the  specimen.  This  quantity  is  called  variously  the 
"  resilience,"  a  name  the  propriety  of  which  is  at  least  questionable/ 
the  "  energy  absorbed,"  and  "  the  resistance  to  impact"  *  This  latter, 
which  seems  to  me  descriptive  and  indicative  enough,  I  shall  use, 
abbreviating  it  to  "  impact^resistance." 


'4 
Fio.  15. — Thb  Notched  Bab  Impact  Tkst,  Avteb  FBjfeKOHT. 

Fragility. — Though  "fragile"  taken  generically  means  "easily 
broken,"  whether  by  slow  or  sudden  stress,  in  discussing  the  proper- 
ties of  the  materials  of  construction  it  is  habitually  used  in  the  sense 
of  "  easily  broken  by  shock."  As  in  general  it  is  more  convenient 
to  speak  of  the  strength  rather  than  of  the  "  weakness  "  of  our  mate- 
rials, as  we  specify  a  certain  minimum  of  strength,  elasticity,  and 
ductility  rather  than  a  certain  maximum  of  weakness,  inelasticity, 
and  brittleness,  specifying  the  positive  rather  than  the  negative,  I 

^  Keailienoe.— ''The  quantity  of  work  given  back  bj  a  body  that  is  compressed  to  a oe^ 
tain  limit,  then  allowed  freely  to  recover  itself,  as  a  spring  under  pressure  saddeoly 
relaxed.''  (Standard  Dictionary  of  the  English  Language.)  This  would  seem  to  ooTer 
only  the  work  done  in  the  elastic  deformation  of  the  specimen,  and  not  to  include  that 
done  in  its  plastic  deformation  prior  to  rupture,  whereas  what  the  impact  teA  detenniocs 
is  the  sum  of  these  two  quantities.  In  French  one  generally  finds  ''£esilienoe"  used ;  in 
German  one  often  meets  '^Specifische  Schlagarbeit,"  the  impact  resistance  for  oonveDtiooal 
conditions.  Its  literal  translation,  '*  Specific  blow  work,"  though  short  and  clear,  would 
be  jargon. 

*  Capt  H.  Riall  Sankey,  Sixth  Report  Alloys  Research  Committee,  Proceedingi  cf  tk 
InatitiUion  of  Mechanical  Engineers,  Feb.,  1904,  p.  160. 
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once  again  coin  a  word  "  inf ragility,"  the  ability  to  resist  shock,  as 
convenient  in  discussing  this  subject. 

Thus  the  property  determined  by  the  impact  test  is  the  "  infragil- 
ity,"  and  the  meafeure  of  that  property  is  the  "  impact-resistance,"  as 
"  specific  gravity  "  is  the  measure  of  density,  "  dollars  "  of  money, 
and  "  calories  "  of  heat.  Some  good  writers  have  indeed  measured 
the  infragility  by  the  deformation  up  to  the  point  of  rupture ;  but, 
though  this  is  related  to  the  work  done  in  rupture,  yet  the  relation 
is  far  from  fixed,  and  it  is  the  latter  that  should  be  taken  as  the  true 
measure  of  infragility. 

The  Various  Impact  Test  Machines. — In  the  machine  of  Fremont, 
to  whose  initiative  the  existence  of  the  notched-bar  impact  test  is  due, 
the  energy  which  the  ram  retains  after  breaking  the  specimen  is  shown 
by  the  degree  to  which  it  compresses  some  springs  which  it  strikes  im- 
mediately thereafter.  The  Howe  and  Levy  tests  referred  to  in  these 
remarks  were  made  with  the  Fremont  machine. 

In  Charpy^s  machine^,  now  in  wider  use,  and  in  that  of  Sankey,  the 
specimen  lies  at  the  bottom  of  the  course  of  a  pendulum,  and  the 
energy  which  the  pendulum  retains  after  breaking  the  specimen  is 
shown  by  the  height  to  which  it  swings  up,  as  it  then  keeps  on  its 
way. 

In  the  QuiUery  machine  the  energy  absorbed  in  breaking  the 
specimen  is  measured  by  the  lessening  of  the  velocity  of  a  fly-wheel 
carrying  the  knife  edge  which  delivers  the  impact. 

In  the  methods  of  Seaton  and  Jude,  Brinell,  and  Kirkaldy  the 
impact-resistance  is  measured  by  the  number  of  blows  needed  to 
break  the  test  piece.  The  arrangement  of  the  test  piece  in  the  Sea-  . 
ton  and  Jude  method  is  like  that  of  Fr&mont.  But  Brinell  and  Kir- 
kaldy notch  their  bars  in  the  middle  of  two  opposite  sides,  support 
them  at  one  end  only,  and  break  them  by  a  blow  delivered  on  the 
overhanging  end,  sometimes  with  the  notches  in  the  upper  and  lower 
sides  of  the  test  pieces,  and  sometimes  on  the  vertical  sides.  Izod's 
method  is  like  Charpy's  except  that  his  test  piece  is  supported  at  one 
end  only,  and  is  struck  on  the  overhanging  end.* 

Dimensions  of  Test  Pieces, — ^In  spite  of  the  great  advantages  which 
would  result  from  having  all  test  pieces  for  the  impact  test  of  one  set 
of  standard  dimensions,  practical  considerations  have  thus  far  pre- 
vented this.     Hence,  with  the  hope  of  making  results  comparable, 

'  Engineering^  vol.  Izxxiz,  p.  78  (Jan.  21,  1910). 

*  For  a  description  of  these  methods  and  of  extensive  tests  of  their  conoordance  see 
Harbord,  Proceedings  of  the  Institution  of  Mechanical  Er^ineersy  Nov.  20,  1908,  p.  921,  and 
Engineering  J  vol.  Ixxxvi,  p.  736  (Nov.  27,  1908). 
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two  standard  sizes  have  been  proposed,  geometrically  similar,  one 
30  by  30  by  180  mm.,  with  a  distance  of  120  mm.  between  supports, 
with  a  nick  15  mm.  deep,  rounded  at  its  bottom  to  a  radius  of  2  mm., 
and  the  other  with  one-third  of  these  dimensions  (Me8nager)^ 

Unfortunately  the  expectation  that  these  two  sets  of  dimensions 
would  give  comparable  results  has  not  thus  far  been  fulfilled.  There- 
suits  of  Bartel,  Ehrensberger,  and  Charpy  show  concordantly  that  the 
smaller  test  piece  gives  less  impact^resistance.  The  difference  in- 
creases with  the  impact-resistance,  being  smaller  in  the  case  of 
fragile  and  larger  in  the  case  of  infragile  metals.  Indeed,  on  re- 
fiection  we  see  that  this  expectation  was  not  well  founded.  That 
part  of  the  resistance  which  counts  most  is  that  of  the  fiber  at  the 
top  of  the  notch.  Once  this  fiber  has  parted,  rupture  will  tear  back 
through  the  remainder  of  the  section.  On  one  hand  it  is  not  at  all 
clear  that  the  concentration  of  stress  on  tUis  fiber  is  proportional  to 
the  depth  of  the  test  piece ;  and  on  the  other  hand  for  given  concen- 
tration of  stress  there,  it  is  far  from  clear  that  doubling  the  depth  of 
the  test  piece  will  double  the  resistance  to  tearing  back,  once  a  crack 
has  started.  What  happens  under  these  dynamic  conditions  is  not 
to  be  traced  out  beforehand  with  confidence. 

But  these  dimensions  are  often  departed  from.  Test  pieces  30 
by  10  by  8  umu.  with  a  1-mm.  notch  are  often  used,  e,  g.^  in  the 
tests  of  Wolff  and  of  Howe  and  Levy,  and  Fremont  himself  advises 
that  they  should  be  35  by  10  by  8  mm.^ 

How  Harmonious  art  the  Results  of  the  Impact  Test? — Though  an 
exaggerated  idea  of  the  lack  of  harmony  among  th«  results  of  the  im- 
pact test  is  about,  we  must  admit  that  their  real  harmony,  under 
some  conditions  as  yet  unexplained,  is  less  than  might  be  expected. 

*  Charpj,  Report  of  Committee  25  on  Impact  Tests^  Proceeding*  of  the  IrUematicmal  Amo- 
ciaiionfor  Testing  MateriaJis,  II,  6  Congress,  IV,  1,  p.  2,  1913. 

'*  The  French  navy  uses  a  test  piece  30  mm.  Bquare  and  160  mm.  long  restlDg  on  knife 
edges  120  mm.  apart.  The  notch  consists  of  a  hole  8  mm.  in  diameter,  tangential  to  the 
axis  of  tlie  bar  and  joined  to  the  surface  bj  a  saw-cut ;  thus  the  intact  section  of  the  bar  is 
to  be  half  the  total  section.  The  hole  to  be  pierced  with  a  drill  and  to  be  finished  with 
the  aid  of  a  reamer. 

*  'The  tup,  of  the  weight  of  18  kg.,  shaU  fall  in  the  direction  of  the  axb  of  the  saw-cut ; 
the  hammer  shall  form  an  angle  of  50°  rounded  o£F  to  a  radius  of  2  mm  ;  the  height  of  fall 
is  always  to  be  1  m. 

'<  To  pass,  the  bars  must  stand  at  least  five  blows  without  breaking ;  after  the  fifth  blow 

thej  should  be  bent  under  an  angle  of  at  least  147^,  corresponding  to  a  mean  deformation  of 
igA 2^47 

=6'  30^  maximum  per  blow.'^     (Charpy,  id.,  V  Congress,  1909,  III,  1.) 

5 

*  E.  B.  Wolff,  Proceedings  of  the  International  Astodation  fop-  Testing  MaieriaUy  II,  VI 
Congress,  1912. 

^  Fremont,  id.,  II,  IV,  2,  p.  4. 
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Indeed  the  harmony  is  so  poor  in  some  cases  that  only  after  averag- 
ing a  large  number  of  results  can  any  accurate  inferences  be  drawn. 
The  discord  is  not  to  be  explained  away  by  the  incompetence  of  the 
operator,  because  it  occurs  even  under  most  competent  observation. 
I  learn  privately  of  marked  discord  in  the  results  reached  by  a  very 
competent  French  experimenter,  under  conditions  which  would 
naturally  be  expected  to  yield  harmonious  results.  Harbord's  results, 
too,  are  less  concordant  than  we  should  expect  in  view  of  his  well- 
known  accuracy,  as  is  shown  by  my  analysis  of  his  data  in  columns 
2,  4,  and  6  of  Table  I.  The  "  Mean  deviation  in  percentage  of  the 
mean  resistance  "  given  in  these  columns  is  found  by  calculating  (1) 
the  mean  resistance  of  each  steel  in  a  given  physical  condition,  (2) 
the  deviation  of  each  result  from  this  mean  in  percentage  of  this 
mean,  and  hence  (3)  the  mean  of  these  percentages.  These  mean 
deviations  run  from  1  to  24  per  cent.,  and  the  mean  of  all  these  means 
in  these  three  columns  is  nearly  9  per  cent. 


Table  I. — Harmony  of  Impact- Test  Results ^  Analysis  of  Harbord's  Data. 


Carbon,  per  cent. 


Mkthod. 


Deviation  from  the  Mean  In  the 
Untreated  Bteel. 


0.262. 


0.325. 


0.409. 


Deviation  Per  Cent,  of  Mean 
R^istance. 


1. 


Seaton  and  Jude... 

Fremont  h 

1 

Izod 

• jL_A 

^^f r 

Kirkaldy    (notch 
horiEontal) 

Kirkaldy    (notch 
vertical) 

Average 

Mean 


2. 
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Max. 

Mean 
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21 
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7 

31 
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6a 

4a 

8 

1 
11.4 
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32 


39 


40 
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Total  Amplitude  of  Deviation. 


0.262 


0.325 


0409. 


•O  I       "H 
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25 
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68 
30 

« 
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1 10. 
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28     24 
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49 


o  « 
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1 
2 
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78 


19 


I 

t3 
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48 
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64 
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50 


2 
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92 


16    109 


31 


12     58  '  29  r,    8     60 


13 


20  ,  37 


47 


33 


29 


60 


Note:— This  table  is  based  on  Harbord's  data,  Table  IX,  Engineering,  vol.  Ixxxvi, 
p.  769  (Dec.  4,  1908).     I  have  corrected  certain  apparent  misprints  in  the  original. 

a  Two  tests  only. 

b  The  notch  in  the  Fremont  teat  is  often  if  not  usually  rounded  as  here  shown.  In  Mr. 
Harbord's  test  the  notch  was  a  sharp  inverted  ''V.'^ 
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The  deviations  in  the  impact-resistance  results  of  Howe  and  Levy. 
Table  II,  column  6,  are  of  this  same  order  of  magnitude,  running 
from  0  to  21.4,  or  on  an  average  9.6  per  cent.  These  deviations  are 
much  greater  than  those  in  the  tensile  tests  made  by  Prof.  L.  D, 
No rs worthy  with  these  same  specimens,  as  shown  in  columns  9,  12, 
15,  and  18  for  comparison.  These  run  from  0.6  per  cent  in  the  case 
of  tenacity  to  8.4  per  cent,  in  the  case  of  elongation,  and  with  a 
general  mean  of  2.9  per  cent,  or  less  than  one-third  that  of  the  mean 
deviations  of  the  impact-resistance.  The  order  of  harmony  is  as 
follows : 

Mean  Deviation 
ftt)Li  the  Mean. 
Property.  Per  Cent. 

Contraction  of  area 1.7 

Tensile  strength 2.0 

Yield  point 3.5 

Elongation 4.4 

Impact-resistance 9.6 

The  manner  in  which  Harbord  presented  his  data,  shown  in  columns 
11  to  16  of  Table  I,  seems  to  me  to  exaggerate  the  discord.  The 
mean  deviation  from  the  mean  seems  to  me  a  better  index  of  harmony 
than  the  total  amplitude  of  deviation,  at  least  when  the  number  of 
observations  varies.^  It  is  clear  that  the  total  amplitude  is  likely  to 
increase  with  the  number  of  observations,  though  the  mean  deviation 
is  likely  to  decrease. 

Again  the  Paris-Lyons-Mediterranean  railroad  reports  that  the  im- 
pact-re3istance  may  vary  even  as  4:1  in  the  most  homogeneous  steels.* 

But  these  discords  seem  referable  rather  to  some  peculiarity  of  the 
specimens  tested  than  to  the  method  itself,  for  Goerens  and  Hartel's 
results  are  extremely  harmonious,  as  is  shown  by  my  analysis  of  them 

m 

"  It  18  quite  true  that  the  mean  deviation  in  percentage  of  the. mean  is  a  false  measure  of 
accaracj  when  the  quantities  to  be  measured  dlfft^r  greatly.  For  instince,  these  percent- 
ages are  incomparably  greater  if  we  are  determining  manganese  in  a  wrought  iron  which 
contains  only  0.02  per  cent,  of  that  metal  than  if  we  are  determining  it  in  an  80  per  cent, 
ferro-manganese.  But  the  quantities  to  be  measured  by  the  tensile  and  by  the  impact  test 
are  of  the  same  order  of  magnitude.  The  fact  that  in  the  tenacity  numbers  are  in  tens  of 
thousands  while  those  of  the  impact-resistance  are  only  in  fractions  has  nothing  whatso- 
ever to  do  with  it,  as  we  see  when  we  compare  results  reported  in  tons  with  the  same  ones 
when  reported  in  pounds,  or  those  reported  in  kilograms  with  the  same  results  reported  in 
milligrams.  The  scale  which  we  choose  for  reporting  our  results  has  absolutely  no  influ- 
ence on  the  deviation  from  the  mean  in  percentage  of  that  mean. 

*  Proceedings  of  the  IrUernational  Association  for  Testing  Materials^  II,  VI  Congress,  1912, 
IV,  5,  p.  10. 

''Even  aYnong  those  metals  which  are  regarded  as  the  most  homogeneous  (crucible 
steels,  electro-steels),  the  resiliences  vary  from  one  value  np  to  double  that  value  in  dis- 
tances of  a  few  cm.  Within  parts  a  metre  or  two  apart  the  variations  may  even  be  four 
times  as  large  and  more." 
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in  Table  III.  To  explain,  they  tested  117  pairs  of  test-pieces,  in  the 
form  of  rolled  bars  1.18  by  0.39  in.  (30  by  10  mm.),  some  from  the 
top  and  some  from  the  bottom  of  two  common  commercial  steel 
ingots.  The  results  are  given  with  three  significant  figures.  In  19 
pairs,  or  about  16  per  cent,  of  the  whole,  the  two  specimens  of  each 
pair  gave  identical  results.  In  the  98  other  pairs  the  two  results  of 
each  pair  were  closely  alike.  In  one  series  of  25  pairs  the  greatest 
deviation  in  any  one  pair  of  tests  from  the  mean  of  that  pair  was  only 
2.8  per  cent,  of  that  mean.  The  average  of  such  deviations  was  only 
0.6  per  cent,  in  this  series,  and  only  0.8  per  cent,  in  another  series  of 
30  pairs,  a  degree  of  harmony  which  compares  favorably  with  that 
reached  in  the  tensile  test  in  the  most  careful  hands. 


Table  III. — Harmony  of  Impact- Test  ItesuUs,  in  Data  of  Goerens 

and  Hartel.^ 


Chemical  Compoflition.. 


C. 


Si. 


0.050     Nil 
0.089     Nil 


0.084 
0.086 


Trace 
Trace 


Mn. 


0.46 
0.38 
0.38 
0.38 


Table      Steel 
No.     ,    No. 
(G.+H.) 


Part  of 
Ingot. 


I 


2 
3 
4 
6 


1 
1 
2 
2 


Top 
Bottom 
Top 
Bottom 


Number 

Number 

of  Pairs 

of  Pairs 

ofSpeci- 

which 

mens. 

Agreed 

Exactly. 

31 

5 

25 

4 

30 

8 

31 

2 

Average  Devia- 
tion ftom 
Mean. 


iMaximam  De- 
!  viation  from 
i         Mean. 


J4CQ 


•  o  ^  * 


0.0034 
0.0020 
0.0018 
0.0053 


1.8  0.013 

0.6  0.006 

0.8  0.006 

2.1  0.021 


7.4 

^8 

4.1 

10.7 


a  GoereoB  and  Hartel,  ZeiL  Anorg,  Chein,^  1913,  81^  p.  130. 

Cause  of  Discordance. — Why  should  the  impact  results  be  so  much 
more  discordant  in  some  cases  than  the  tensile  results  ?  One  reason 
which  lies  close  at  hand  is  the  greater  effect  in  the  former  of  any 
heterogeneousness.  The  particles  at  the  very  crotch  of  the  notch 
have  a  disproportionate  influejice  on  the  resistance  which  the  test 
piece  as  a  whole  offers  to  rupture.  Should  it  happen  that  a  small 
particle  of  slag  abuts  on  this  crotch,  or  that  the  crotch  communicates 
with  a  weak  cleavage  plane,  a  crack  will  here  start  readily.  Should 
the  crotch  of  a  duplicate  test  piece  be  better  situated  the  resistance  to 
rupture  should  be  much  greater.  In  the  tensile  test  local  defects  and 
local  misfortunes  of  environment  should  have  no  such  serious  results. 

It  is  antecedently  probable  that  the  impact  results  should  be  more 
harmonious  in  very  fine-grained  steel  than  in  that  which  is  coarse- 
grained, because  in  the  former  there  is  less  difference  between  speci- 
mens in  regard  to  what  is  present  at  the  top  of  the  notch  than  in  the 
latter.  To  take  an  extreme  case,  in  a  steel  made  up  of  grains  all  of 
which  are  alike,  if  those  grains  aj*e  infinitely  small,  then  the  condi- 
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tions  of  the  notch-top  will  be  the  same  wherever  that  notch  happens 
to  fall  in  the  test  piece ;  but  if  those  grains  are  extremely  large,  the 
direction  of  the  cleavage  of  the  grains  in  which  the  notch  ends  might 
have  very  great  effect.  If  those  cleavages  in  several  of  the  grains  ran 
directly  across  the  bar  the  impact-resistance  would  be  much  less  than 
if  they  were  inclined  at  45°.     In  the  data  in  Fig.  16  there  iS  a  straw 
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Fig.  16. — ^Thb  Impact  Tb3T  Shows  the  Influence  op  Heat  Treatment 

More  Clearly  than  the  Tensile  Test. 

Data  of  Howe  and  Levy.  Influence  of  Prolonging  the  Stay  in  the  Divorcing 
Bange  on  the  Mechanical  Properties  of  Steel  No.  IV,  0.2^  per  cent,  of  carhon, 
0.05  of  manganese,  0.013  of  phosphorus,  0.039  of  silicon,  and  O.OIO  of  sulphur. 

which  blows  in  this  direction.  The  finest  grained  specimens  are 
those  of  ordinate  A^  air  cooled  from  900°,  and  the  impact  tests  of 
these  are  very  harmonious,  as  shown  in  Table  II. 

Further  effects  flowing  from  the  special  mode  of  attack  in  the  im- 
pact test  are  pointed  out  on  p.  (  — .) 
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The  opponents  of  the  impact  test  may  point  to  the  discordance  of 
its  results  as  a  disadvantage,  calling  for  many  repetitions  of  the  test 
itself.  Its  advpcates  may  reply  that  this  capacity  for  discordance  is  a 
great  advantage,  because  it  detects  heterogeneousness,  and  they  may 
propose  that  future  specifications  for  important  objects  shall  specify  a 
maximutn  which  the  deviation  shall  not  exceed,  to  the  end  of  exclud- 
ing heterogeneous  material,  questioning,  in  passing,  whether  the 
needed  repetitions  of  the  impact  test  need  cost  more  than  a  single 
tensile  test.  . 

Effect  of  Variations  in  the  Speed  of  Impact  on  the  Results  of  the  Impact 
Test. — ^In  the  tensile  test,  as  the  straining  rate  increases,  the  tensile 
strength  increases  moderately  with, it  according  to  the  great  balk  of 
evidence,  and  the  elongation  also  increases  in  many  cases,  thoagh  in 
others  this  increase  is  so  slight  as  to  escape  observation.  How  is  it 
with  the  impact  test? 

Duguet  found  that  <^  the  extreme  deformations  are,  in  the  case  of 
soft  steel  submitted  to  bending,  very  seusibly  the  same,  whether  they 
be  produced  slowly  by  hydraulic  pressure  or  by  the  impact  of  a  tup."  ** 

Kick's  "  experiments  indicated  that  "  the  velocity  of  fall  has  only 
an  insignificant  influence  on  the  magnitude  of  the  deformation  in 
impact  bending  tests." 

Charpy  reported  that  the  impact^resistance  was  independent  of  the 
height  of  drop,  and  that  the  results  of  notched  bar  impact  tests  dif- 
fered but  little  from  those  of  tensile  tests. 

On  the  other  hand,  Fremont,  admitting  that  the  former  law  is  true 
for  many  steels,  finds  that  for  others  the  resistance  varies  materially 
with  the  height,  and  therefore  recommends  either  a  minimum  drop 
of  4  m.,  or  an  equivalant  impact  speed.  Beyond  this  he  advises  that 
the  anvil  weigh  at  least  40  times  as  much  as  the  tup. 

Again,  the  Paris-Lyons-Mediterranean  railroad"  shows  that  the 
observed  impact-resistance  may  be  about  twice  as  great  with  a  fall  of 
4  m.  (13  ft.  1  in.)  as  with  one  of  about  1.25  m.  (4  ft.  11  in.) 

Finally  Perot  and  Levy  "  found  the  deformation  in  the  transverse 
notched  bar  impact  test  was  inversely  as  the  speed  of  impact,  becom- 
ing nil,  so  that  the  specimen  broke  without  any  permanent  set,  if 
impact  and  rupture  were  extremely  rapid. 

w  Proceedings  of  the  Intemaiwncd  Association  for  Testing  McUerialSf  1, 1909, 'III,  1,  pp<  6  and  7. 
"  Proceedings  of  the  International  Association  for   Testing  Maten'aiSf  V  GoDgrees,  1909, 

III,  1,  p.  8. 

"  Id.,  VI  Congres?,  1912,  IV,  2.  p.  4. 

*•  Proceedings  of  the  International  Association  for  Testing  Materials^  U,  VI  Congren,  1912, 

IV,  6,  pp.  5,  11. 

"  Comptes  rendtiSj  vol.  czzxix,  p.  1198  (1904). 
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Thus  the  present  evidence  as  to  the  influence  of  the  rate  of  strain- 
ing is  contradictory,  suggesting  that  accelerating  the  straining  has 
more  than  one  immediate  effect,  and  that  the  sign  of  these  effects  is 
not  constant,  so  that  the  resultant  effect  may  vary  in  sign  or  may 
be  nil. 

One's  impression  is  that  a  rapid  impact  is  especially  trying  to 
fragile — e.^.,  phosphoric — steel.  The  discrepancies  in  the  evidence 
may  be  due  to  differences  in  the  fragility  of  the  metals  tested,  the 
djeformation  of  the  fragile  metals  decreasing  and  that  of  the  infragile 
ones  increasing  with  the  speed  of  impact.  To  test  this  hypothesis  is 
an  easy  and  useful  line  of  investigation. 

Has  the  Impact  Test  Reason  to  Exist? — This  question  is  divisible 
into  two :  (A)  Does  it  teach  anything  that  cannot  be  learnt  more 
readily  from  other  tests  ?  (B)  If  it  does,  is  its  special  teaching  of 
value  ? 

Breuil  ^*  is  not  alone  in  believing  that  the  impact  test  teaches 
nothing  that  cannot  be  learnt  as  easily  from  a  proper  interpretation 
of  the  tensile  test,  and  hence  that  in  view  of  its  reproducing  the  con- 
ditions of  service  much  less  closely  than  the  tensile  test,  it  should  be 
abandoned. 

Admitting  freely  that  there  are  many  materials  which  would  be 
classified  in  much  the  same  way  by  the  impact  and  by  the  tensile  test, 
I  will  now  inquire  whether  there  are  not  other  materials  which  are 
classified  differently  by  these  two  tests,  or  in  short  whether  the  im- 
pact test  is  not  a  specific  test  for  certain  properties. 

The  impact  test  measures  the  work  done  in  rupture,  whereas  the 
tensile  test  as  usually  reported  measures  not  the  corresponding  work, 
the  tensile  work,  but  stresses  and  strains  which  are  the  components 
of  work,  and  plasticity.  The  elastic  limit  and  the  tensile  strength  are 
two  stresses.  The  elongation  measures  the  plastic  strain.  The  con- 
traction of  area  measures  plasticity.  Hence  the  impact-resistance, 
measuring  work,  must  needs  teach  something  which  none  of  these 
quantities  in  and  by  itself  ^can  teach,  or  in  short  the  impact  test  does 
teach  something  which  the  tensile  test,  as  reported,  does  not  teach. 

The  question  then  arises,  (C)  Does  the  impact  test  teach  anything 
which  the  tensile  test  is  incapable  of  teaching?  There  is  another 
question  equivalent  to  this :  (D)  Is  the  impact  resistance  proportional 
to  the  tensile  work  ?  If  it  is,  then  the  tensile  work,  as  found  by 
measuring  the  tensile  stress-strain  diagram,  teaches  all  that  the  im- 
pact test  teaches.  This  last  is  the  important  question  for  our  present 
attention. 

■  I  ■  y  ■  »  ^       I  ■■■■  -         —         -        ■  ■■  ^ 

^  JoumdL  of  the  Iron  and  Steel  iTiatituUf  Supplement  to  vol.  Izv,  p.  90  (1904. ) 
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Kennedy^ s  Formula.  —  Unfortunately  the  tensile  work  is  rarely 
recorded  and  more  rarely  reported.  Autographic  stress-strain  dia- 
grams are  rarely  taken,  and  still  more  rarely  accessible.  To  plot  the 
diagram  from  direct  observations  would  be  most  laborious,  indeed 
quite  impossible  under  existing  industrial  testing  conditions. 

To  meet  this  need  Kennedy  "  proposes  a  formula  which  gives  a 
rough  approximation  to  the  tensile  work,  which  is  the  product  of  the 
total  strain,  elastic  plus  plastic,  into  the  average  stress.    It  is 

Yield  point  +  2  Tensile  Atrength  Elongation 

_ — .  y^ =  Eneigy  per  cubic  inch. 

3  Measured  length  *    ^ 

Here  '^  elongation  "  means  the  final  elongation  as  usually  measured, 
which  is  the  plastic  elongation.  This  formula  leaves  out  of  considera- 
tion the  elastic  elongation.  Its  assigning  to  the  maximum  stress  or 
tensile  strength  double  the  value  assigned  to  the  stress  at  the  yield 
point  is  of  course  only  a  very  rough  approximation,  but  quite  close 
enough  for  the  sharp  contrasts  which  I  will  now  point  out 

In  order  to  learn  whether  the  impact  test  teaches  anything  which 
the  tensile  test  teaches  or  can  thus  be  made  to  teach,  by  asking 
whether  the  impact-resistance  is  proportional  to  any  of  the  four 
tensile  properties  or  to  the  tensile  work,  I  plot  in  Figs.  16, 17,  and  18 
these  six  properties  in  a  way  which  must  needs  show  at  once  whether 
they  vary  proportionally  or  not. 

This  I  do  by  selecting  for  each  property  such  a  scale  for  ordinates 
as  will  bring  the  beginning  of  the  six  curves  to  'approximately  the 
same  height,  and  by  making  the  origin  equal  to  zero  for  all.  If 
under  these  conditions  the  impact-resistance  varied  proportionally  to 
any  tensile  property,  work  included,  the  impact-resistance  curve 
would  necessarily  be  closely  parallel  to  the  curve  of  that  property. 
In  fact  there  is  not  the  first  shadow  of  parallelism.  The  irapactre- 
sistance  discloses  losses  of  infragility  which  are  hardly  hinted  at  by 
the  tensile  properties.     This  is  especially  striking  in  Figs.  16  and  17. 

Each  of  the  series  of  tests  whiph  I  thus  analyze  is  made  on  a  given 
steel  after  varying  heat  treatments.  Figs.  17  and  18  represent  tests  by 
Roberts- Austen  and  Sankey  on  two  of  the  former's  steels,  and  Fig.  16 
represents  tensile  and  Fremont  impact  tests  by  Norsworthy,  and 
Howe  and  Levy.  Sankey  showed  in  1904  that  his  impact  tests  dis- 
closed fragility  which  was  undetected  by  the  tensile  test,  in  these  and 
other  cases." 


"  Sir  Alexander  Kennedy's  formula  (Blount,  Kirkaldj,  and  Sankej,  Enffmeenngy  to!- 
Ixxxix,  p.  730  [June  3,  1910] ).      • 

"  Sixth  Report  Alloys  Research  Committee,  1904,  ProeeedingB  <^  the  InMHtuiion  of  Mochas 
teal  Engineers^  Feb.,  1904,  p.  167. 
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Again  the  variations  in  impact-resistance  in  Figs.  19  and  20  differ 
greatly  from  those  in  any  of  the  tensile  properties  and  in  the  tensile 
work.  So  in  Fig.  21  the  loss  of  impact^resistance  with  increasing  car- 
bon content  bears  little  resemblance  to  the  decrease  of  tensile  work. 

Finally  Wolff  ^^  raised  the  impact-resistance  of  a  steel  of  0.035  per 
cent,  of  carbon  from  an  extremely  small  quantity,  the  impact-resist- 
ance of  some  pieces  being  only  between  0.2  and  6  kgm.,  to  between 
20  and  25  kg. ;  yet  the  tensile  properties  were  affected  but  little,  the 
tensile  strength  rising  about  12  per  cent,  from  33.8  kg.  per  square 
millimeter,  with  a  maximum  of  34.5,  to  38  kg.,  and  the  elongation 
and  contraction  of  area  remaining  practically  unchanged.  This  was 
done  simply  by  hastening  the  cooling  so  that  it  took  4  hr.  from  1,100° 
to  20°,  and  thereby  preventing  not  only  pear  lite  divorce,  which  was 
complete  in  the  slowly  cooled  specimens,  but  even  the  formation  of 
peaxlite.  The  description  is  not  very  full,  but  our  inference  is  that 
this  slightly  hastened  cooling  left  the  eutectoid  in  the  form  of  sorbite. 

Detailed  Examination  of  Some  of  these  Cases. — The  damage  done  to 
the  0.13  carbon  steel,  Fig.  17,  by  the  divorcing  annealing  during  the 
12-hr.  holding  at  620°,  ordinate  Ey  is  not  clearly  shown  by  the  tensile 
tests,  for  many  would  hold  that  the  gain  in  elongation  and  contraction 
of  area  nearly  offsets  the  loss  in  elastic  limit  and  the  very  moderate 
loss  in  tenacity.  But  this  treatment  destroys  the  impact-resistance 
almost  completely. 

Again,  compare  ordinates  D,  j&,  and  F  of  Fig.  18.  The  inferi- 
riority  of  the  specimens  held  \  hr.  at  1,100°  and  12  hr.  at  720°,  and 
the  superiority  of  that  held  12  hr.  at  620°,  are  hardly  hinted  at  by 
the  tensile-strength  curve;  and  though  they  are  indeed  disclosed  by 
the  curves  of  elastic  limit,  elongation,  and  contraction  of  area,  yet  they 
are  much  more  prominent  in  the  impact-resistance  curve. 

In  passing  we  may  refer  the  inferiority  caused  by  the  1,100°  J-hr. 
holding  to  coarsening,  and  that  caused  by  the  720°  12-hr.  holding  to 
pearlite  divorce ;  and  the  superiority  caused  by  the  620°  12-hr.  holding 
to  its  being  a  quasi-sorbitizing  drawing  of  the  effects  of  the  presum- 
able cool  rolling  of  the  steel  as  received  from  the  maker,  a  cool  rolling 
indicated  by  the  very  small  initial  elongation  and  contraction  of  area, 
6.25  and  18.76  per  cent,  respectively.  It  is  good  practice  to  improve 
such  steel  by  rolling  it  cool  or  even  cold,  and  then  drawing  it  in  this 
range  of  temperature.  For  the  high  elastic  limit  and  impact-resistance 
thus  obtained,  the  accompanying  softness  and  cheapness  of  machining 

^'  Proceedings  of  the  Intemalioncd  Association  for  Testing  MateriaiSf  II,  VI  Congress, 
1912.  The  steels  contained  C,  0.035;  Si,  0.008;  Mn,  0.32;  P,  0.035;  S,  0.056;  Cu,  0.018; 
As,  0.027;  N,  0.007. 
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are  much  greater  than  they  can  be  made  by  hardening  and  tempering. 
So  with  Fig.  16.  The-  passage  through  the  transformation  range  was  a 
sorbitizing  air  cooling  for  ordinate  Aj  but  for  the  other  ordinates  it 
was  a  furnace  cooling,  resulting  in  pearlitizing,  and  even  in  more  or 
less  advanced  divorcing  annealing,  which  was  augmented  by  further 
exposure  to  divorcing  annealing  temperatures  in  the  treatment  of  or- 
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Fig.  17.— The  Impact  Tbst  Shows  the  Influence  op  Heat  TBEATMion: 

More  Clearly  than  the  Tensile  Test. 

Properties  of  Steel  of  0.13  per  cent,  of  Carbon,  Boberts- Austen  and  Sankey. 
Sixth  Report  Alloys  Research  Committee,  Institution  of  Mechanical  Engineers, 
London,  1904. 

The  steel  contained:  carbon  0.130,  silicon  0.020,  manganese  0.185,  phos- 
phorus 0.011,  sulphur  0.020,  arsenic  0.024. 

dinates  Cto  J'' inclusive.  The  influence  of  this  slow  transformation 
and  of  the  resultant  de-sorbitizing  and  divorce  is  shown  incompara- 
bly more  clearly  by  the  impact-resistance  than  by  any  or  all  of  the 
tensile  properties. 
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In  Figs.  19  and  20  the  strong  maximum  of  impact-resistance  when 
the  tempering  temperature  reaches  the  600^-700°  range  represents 
the  Borbitic  state,  and  the  sharp  decrease  at  740®,  on  rising  past  Acl, 
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Fio.  18. — ^The  Impact  Test  Shows  tbe  Influence  of  Heat  Treatment 

More  Cleajblt  than  the  Tensile  Test. 

Properties  of  Steel  of  0.468  Carbon,  Roberts- Austen  and  Sankey.  Sixth  Re- 
port AUoys  Research  Committee,  Institution  of  Mechanical  Engineers,  London, 
1904. 

The  steel  contained:  carbon  0.468,  silicon  0.072,  manganese  0.160,  phos- 
phorus 0.016,  sulphur  0.025,  arsenic  0.007. 

represents  the  substitution  of  pearlite  for  sorbite.     These  changes  are 
indeed  reflected  in  the  tensile  properties  but  less  strikingly* 
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FlO.  20.— Variations  in  the  Tensile  Properties  and  Ihpact-R]si8TA8Ce 
IN  the  Tempering  of  Steel  of  0.46  Carbon  and  1.21  Per  Cest.  of 
Manganese,  Howe  and  Levy. 
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Charpy  ^®  reports  the  properties  of  four  metals  which  behaved  sub- 
stantially alike  in  the  tensile  test,  and  differed  but  little  in  the  impact 
tensile  test  on  notched  cylindrical  specimens,  yet  differed  very  strik- 
ingly in  the  transverse  notched  impact  test,  as  is  shown  in  Table  IV. 
These  results  are  not  accidental,  for  they  can  "  be  produced  at  will 
by  submitting  the  metals  to  suitable  thermal  treatment."  ^  It  is  of 
especial  interest  that  metal  B,  which  has  such  low  impact-resistance, 
had  its  ferrite  in  large  grains,  and  that  when  these  are  made  small  by 
heat  treatment  the  impact- resistance  rises  to  between  30  and  85  kgm., 
though  the  tensile  results  are  but  slightly  affected. 

Table  IV. — Charpy' s  Results  Showing  that  the  Impact  Test  Discloses 
Differences  of  Quality  not  Shown  by  the  Tensile  Test. 


I  Notched  Bar  Impact  Tests* 


Tensile  Tests  on  Cylindrical  Rods. 
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H  ** 


A 
B 
C 
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Lb.  per 
Sq.  In. 

59,900 

62,700 

64,140 

76,000 


1^ 

sa 
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a 
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Lb.  per 

8q.  In. 

42,800 

42,700 

45,600 

49,900 


Per  Cent. 
32.0 
32.0 
31.0 
26.0 


IS 

■< 


Per  Cent. 
67.2 
66.6 
67.0 
51.8 


Kgm. 

179.6 

185 

192.2 

180.5 


Cylindrical. 
Tension. 

M 

tat 

Prismatic. 
Bending. 

Work  Done 
in  Rupture 
per  Sq.  Cm. 

Kgm. 
62 
40 
37 
35 


Kgm, 

^s^- 

84.49 

77.67 

2.7 

74.04 

20.2 

63.18 

18.7 

*'  Work  done  in  necking"  refers  to  the  work  done  after  passing  the  maximum  stress, 
t.  e.,  the  stress  representing  the  tensile  strength,  as  deduced  from  a  planimetric  studj  of 
the  stress-strain  diagram. 

Again  in  Mr.  HaU's  results  with  very  low-carbon  steel  castings,  the 
impact  test  discloses  the  great  inferiority  of  the  unannealed  casting, 
and  the  decided  superiority  of  the  casting  quenched  from  900°  and 
annealed  at  680°  over  that  air  cooled  from  900°  and  annealed  at  710°, 
whereas  the  tensile  test  does  not  disclose  that  inferiority  fully,  and  it 
almost  completely  conceals  that  superiority. 

The  reason  why  No.  14  is  so  much  better  than  N"o.  18  is  probably 
that  it  is  sorbitic  while  No.  13  is  pearlitic. 

The  Impact- Resistance  a  Specific  lest  for  Fineness  of  Structure. — In 
every  one  of  these  cases  which  have  just  been  cited,  except  Fig.  21,  it 
is  fineness  of  structure  to  which  the  impact  test  is  so  sensitive.  It 
makes  prominent  the  superiority  of  sorbitic  over  pearlitic  steel,  and 
of  undivorced  over  divorced  pearlite.     And,  though  this  evidence  is 


^  Proceedings  of  the  International  Association  for  Testing  Maieriaisy  I,  V  Congress,  III,  1, 
pp.  16-16. 
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hardlj  extensive  enough  to  justify  a  firm  conclusion,  yet  it  is  in  jast 
this  specific  direction  that  the  impact  test  would  naturally  be  ex- 
pected to  excel.  Though  the  stresses  of  the  tensile  test  are  presum- 
ably greater  on  the  skin  than  at  the  axis  of  the  test  piece,  yet  the 
difierence  is  far  slighter  than  in  the  impact  test,  in  which  the  extreme 
concentration  of  stress  on  the  top  of  the  notch  gives  rise  to  a  tendency 
to  cleave  back  into  the  material  above  the  notch.  Replace  the  impact 
test  piece  in  your  mind's  eye  with  a  like  piece  of  slate  with  its  cleav- 
ages transverse,  and  you  will  see  that  these  cleavages  would  be  much 
more  damaging  under  transverse  than  under  longitudinal  stress.  The 
long  cleavage  planes  which  coarse  grains  possess,  and  the  longer  con- 
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Curboo,  per  oont 
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Fio.  21. — Comparison  of  Influence  of  Cabbon  on  the  Impact-Resistance, 

AND  ON  THE  WoRK  DONE  IN  TeNSILE  BuPTUBS. 

The  broken  lines  refer  to  the  work  done  in  the  Impact  test,  the  solid  lines  to  the 
work  done  in  the  Tensile  test  From  tables  6,  19,  20,  aa,  19a,  and  20a  of  Bobeits- 
Austen  and  Sankej.    Sixth  Report  Alloys  Research  Committee,  1904. 

tacts  between  pearlitic  components  than  between  sorbitic  ones, 
should  facilitate  this  cleaving  action,  this  tendency  to  broom  under 
the  bending. 

Importance  of  Pldsiicity  in  the  Impact  Test — The  work  done  in  rup- 
ture consists  of  two  parts,  that  done  against  the  elastic  resistance  and 
that  done  against  the  plastic  resistance.  The  tensile  test  discriminates 
between  the  elastic  and  the  plastic  deformation,  but  the  impact  test, 
if  confined  as  it  usually  is  to  the  work  done,  does  not.  Of  these  llie 
work  done  in  elastic  deformation  is  by  far  the  more  important  for 
hypo-elastic  uses.  The  impact  test  might,  at  least  in  many  cases,  be 
made  to  discriminate  between  these  two  fractions  of  the  work,  and 
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thus  its  value  for  hypo-elastic  uses  might  be  increased  greatly,  A 
modification  of  it  which  should  make  this  discrimination  more  gen- 
eral might  be  of  great  importance.  The  angle  bent,  as  found  by  fit- 
ting the  broken  fragments  together,  might  serve  as  a  basis  for  calcu- 
lating the  plastic  work  roughly,  and  the  remainder  would  represent 
the  elastic  work.     I  throw  this  out  as  worthy  of  thought. 

It  is  on  this  account  that  the  impact-resistance  decreases  so  very 
abruptly  as  the  carbon  content  increases.  With  this  increment  of 
carbon  content  the  elastic  limit  indeed  rises,  and  with  it  the  elastic 
work  increases ;  but  this  increment  is  completely  overshadowed  by 
the  simultaneous  descrease  in  plastic  deformation.  Thus  the  increase 
of  the  elastic  limit  with  increasing  carbon  content,  e.  g.^  in  hot-rolled 
steel,  is  relatively  slight,  whereas  the  decrease  in  the  plastic  deforma- 
tion, as  indicated  by  the  elongation,  is  very  great. 

This  same  consideration  certainly  influences  the  variations  of  the 
impact^resistance  for  given  steel  with  varying  heat  treatment.  But  as 
we  have  seen  the  variations  in  the  impact-resistance  with  the  heat 
treatment  are  too  great  to  be  explained  thus,  and  they  must  be  re- 
ferred in  large  part  to  variations  in  the  fineness  of  structure. 

Are  the  Special  Teachings  of  the  Impact  Test  Valuable  ? — The  evidence 
which  I  have  presented  goes  far  to  show  that  they  are.  There  is  the 
strongest  reason  to  hold  that  the  properties  of  the  sorbitic  state,  which 
according  to  this  evidence  are  detected  so  much  more  clearly  by  the 
impact  than  by  the  tensile  test,  are  of  the  greatest  value.  Yet  it  is 
very  important  that  the  volume  of  this  evidence  should  be  increased 
greatly,  for  it  is  indeed  rather  scanty,  though  strikingly  harmonious. 

The  evidence  collected  by  Charpy  ^  may  here  be  considered,  because 
it  tends  to  show  that  the  teachings  of  the  impact  test  are  valuable. 
The  value  of  this  evidence  is  indeed  only  indirectly  contributory, 
because  it  does  not  show  that  the  impact  test  teaches  anything  which 
the  tensile  test  would  not  teach.  Pierrard,  the  chief  engineer  of  the 
Belgian  naval  construction,  finds  that  the  endurance  of  marine  engine 
shafts  increases  with  the  impact-resistance  of  the  material.  The  French 
navy  adopted  the  impact  test  for  machinery,  especially  for  marine  shaft- 
ing, in  1893,  and  has  extended  its  use,  a  fact  which  certainly  suggests 
that  this  use  has  been  found  instructive.  D'Ableiges,  for  many  years 
President  of  the  French  armor  plate  commission,  reported  that  this 
navy  had  found  the  impact  test  a  very  good  guide  to  the  ballistic 
resistance  of  armor  plate.  At  Montlucon  the  use  of  a  heat  treatment 
shaped  so  as  to  give  great  impact-resistance  lengthened  the  life  of  the 
rods  of  one  steam  hammer  from  an  average  of  less  than  three  months 

'^  Proceedings  of  the  International  Aseociaiion  for  Testing  Materials^  1, 1909,  III,  1,  p.  16. 
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to  over  six  years,  and  of  another  from  six  months  to  three  years. 
The  experience  with  the  heat-treated  rods  lasted  some  six  years. 

On  the  other  hand  it  is  reported  that  the  Dutch  navy  found  that 
steel  cast  armor  plate,  which  showed  but  moderate  resistance  in  the 
impact  test,  yet  was  "  not  fragile  "  in  the  ballistic  tests.  Without 
further  information  this  result  cannot  be  interpreted  with  confidence. 

Promising  as  the  impact  test  is  for  comparing  different  conditione 
of  the  same  steel  brought  about  by  varying  heat  treatment,  it  may  be 
very  misleading  if  used  for  comparing  steels  of  different  carbon 
contents.  For  instance,  4ow-carbon  steel  because  of  its  plasticity 
excels  that  of  higher  carbon  in  impact-resistance  not  only  very  greatly, 
but  to  a  degree  which  is  wholly  misleading  as  regards  the  most  im- 
portant class  of  uses,  the  hypo-elastic  ones.  In  other  words,  in 
comparing  steels  differing  materially  in  carbon  content,  the  greater 
plasticity  of  the  lower-carbon  ones,  though  of  secondary  importance 
for  most  uses,  yet  gives  them  superiority  as  regards  impact-resistance 
which  has  no  corresponding  service  superiority.  This  is  shown  in 
Fig.  21. 

For  like  reasons  in  comparing  steels  of  different  carbon  contents 
the  impact  test  is  wholly  misleading  as  to  the  endurance  of  repeated 
relatively  light  stresses  or  blows,  of  which  a  very  great  number  is 
needed  to  cause  rupture.  The  impact  test  reflects  chiefly  the  work  of 
tbe  plastic  deformation,  whereas  the  resistance  to  indefinitely  repeated 
stresses,  whether  suddenly  or  gently  applied,  depends  not  on  the  plas- 
ticity but  on  the  elasticity  of  the  material.  For  uses  in  which  a  very 
praall  number  of  severe  blows  is  to  be  endured  a  low-carbon  material 
should  be  used,  but  for  those  which  imply  a  very  great  number  of 
repetitions  ^^  of  light  blows  a  high-carbon  material  with  high  elastic 
limit  is  better  fitted. 

Summary. 

1.  Harmoniousness. — The  results  of  the  impact  test  are  usually  much 
less  harmonious  than  those  of  the  tensile  test  The  deviations  in  one 
series  are  about  five  times  as  great  as  those  in  the  tensile  strength,  and 
about  double  those  in  the  elons^ation.  Yet  in  one  extended  investi- 
gation  the  mean  deviations  are  less  than  1  per  cent.,  L  c,  not  greater 
than  in  tensile  testing.  The  discordance  may  be  due  to  heterogeneous- 
ness  of  any  kind,  and  especially  to  coarseness  of  structure. 

2.  Speed  of  Impact. — Though  in  many  cases  the  impact-resistance 
is  affected  but  little  by  the  speed  of  impact,  yet  in  others  it  increases 

*'  See  Stanton,  Proceedings  of  the  International  AsMtciation  for  Testing  Material^  VI  Con- 
gress, 1912,  V,  1,  p.  6. 
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materially  with  that  speed,  reminding  us  that  the  tensile  strength 
also  increases  slightly  with  the  rate  of  straining,  on  the  average  of  a 
large  series  of  tests. 

3.  Special  Teaching, — The  impact  test  excels. the  tensile  test  very 
greatly  in  distinguishing  between  fine  and  coarse  material,  a  distinc- 
tion often  of  very  great  importance.  It  also  excels  the  tensile  test  as 
a  means  of  measuring  the  local  injury  done  by  flaws,  sonims,  segrega- 
tion, etc. 

4.  Limitation. — Because  it  is  affected  very  greatly  by  the  plastic 
deformation,  it  is  misleading  as  a  basis  for  comparing  steels  of  differ- 
ent carbon  contents  intended  for  hypo-elastic  uses.  Its  use  is  rather 
for  comparing  varying  states  of  a  given  steel  due  to  varying  heat 
treatments. 

5.  Modification. — It  may  be  possible  to  increase  its  usefulness  greatly 
by  comparing  the  angle  bent  with  the  work  done,  and  thus  arriving 
at  the  hypo-elastic  work,  instead  of  as  at  present  reporting  the  hypo- 
and  hyper-elastic  work  together. 

John  H.  Hall,  Xew  York,  N".  Y.  (communication  to  the  Secre- 
tary *) : — The  discussion  of  the  paper,  especially  by  Professor  Howe, 
is  80  full  that  it  leaves  v§ry  little  to  say.  As  one  of  our  members 
once  said,  when  Professor  Howe  contributes  a  paper  or  discussion,  it 
is  so  complete,  and  covers  so  thoroughly  all  possible  aspects  of  the 
subject,  that  further  discussion  is  far  from  easy. 

Several  points  brought  out  are  of  great  interest  in  their  bearing 
upon  the  question  of  the  applicability  of  the  impact  test  to  steel 
castings.  In  Professor  Howe's  discussion,  he  states  that  it  has  been 
found  that  the  smaller  tests  give  less  impact  resistance  than  the  larger 
ones.  The  great  difference  in  the  impact  resistance  of  tests  cut  from 
different  parts  of  the  same  coupon  of  cast  steel  which  has  been  sub- 
jected to  heat  treatment,  has  led  me  to  think  that  a  much  larger  test 
than  any  that  has  been  yet  used  might  be  of  value  in  examining  such 
material.  In  particular,  I  have  found  that  two  steels  which  gave  ap- 
proximately equally  good  results  in  the  Fremont  test,  were  shown  to 
be  considerably  different  in  their  resistance  to  repeated  heavy  shocks 
when  tested  in  a  bar  some  2.5  in.  square.  This  was  a  very  rough 
test,  more  or  less  in  line  with  that  used  by  Mr.  Chancellor  in  making 
the  experiments  summarized  in  his  most  interesting  discussion. 

Professor  Howe's  point  that  steels  of  different  carbon. content  should 
not  be  compared  by  the  impact  test,  on  account  of  the  deficiency  of 
plastic  deformation  in  high-carbon  steel,  is  well  taken.     As  he  says, 

*  Received  Nov.  7,  1913. 
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for  most  uses  the  greater  plasticity  of  the  low-carbon  steels  is  of  sec- 
ondary importance;  and  the  property  most  desirable  is  the  ability  to 
resist  relatively  light  stresses  constantly  repeated.  Thus,  for  instance, 
we  know  that  in  locomotive  axles  a  medium  high-carbon  steel  will 
give  a  longer  life  than  a  low-carbon  steel ;  and  from  this  we  might 
infer  that  it  is  best  to  use  a  high-carbon  casting  in  machinery  parts 
which  in  ordinary  service  will  not  be  called  upon  to  endure  heavy 
stresses.  In  some  special  cases,  however,  this  conclusion  is  not  neces- 
sarily correct.  For  instance,  some  manufacturers  of  taxicabs  use  east- 
steel  front  axles,  and  make  a  part  of  the  casting  so  light  that  it  will 
bend  or  break,  and  thus  save  the  rest  of  the  car,  when  the  vehicle  "Comes 
into  collision  with  some  heavy  object.  In  service,  many  of  these 
axles  have  been  seriously  bent  in  collisions,  straightened  and  replaced 
in  service,  several  times.  Under  ordinary  conditions  of  service,  a 
high-carbon  steel  in  one  of  these  axles  will  give  longer  life  than  a  low- 
carbon  steel,  because,  as  ordinarily  heat  treated,  the  high-carbon  steel 
possesses  much  greater  strength  and  elastic  limit,  and  hence  a  greater 
resistance  to  repeated  light  stresses.  By  proper  heat  treatment,  how- 
ever, a  soft  steel  can  be  made  to  possessas  much  strength  and  endur- 
ance under  repeated  stress  as  a  harder  steel  treated  in  the  usual 
manner ;  and  at  the  same  time,  the  soft  steel  will  possess  a  resistance 
to  shock  much  greater  than  the  hard  steel  will  exhibit  in  any  condition. 
The  great  plastic  deformation  of  the  soft  steel  in  this  case  will  not  be 
of  value  under  ordinary  conditions  of  service ;  but  will  be  of  great 
value  in  case  of  a  collision,  in  two  ways :  first,  because  the  soft  steel 
axle  will  be  very  much  less  apt  to  break  and  upset  the  car,  to  the  dis- 
comfort of  the  occupants ;  and  second,  because  such  an  axle  can  be 
bent  and  straightened  more  times  than  one  made  of  more  brittle  steel. 
This,  of  course,  is  a  very  special  case,  but  it  is  probable  that  many 
similar  instances  might  be  found. 

With  regard  to  Mr.  Johnson's  question  as  to  whether  a  parallelism 
has  been  found  to  exist  between  the  impact  test  and  the  shock  test, 
I  am  not  aware  of  any  figures  that  have  been  published  on  this  sub- 
ject. Professor  Howe's  citations  of  the  greatly  increased  life  of 
marine  engine  shafts  and  of  steam-hammer  piston  rods,  so  treated  as 
to  give  great  impact  resistance,  at  least  points  to  the  probability  that 
impact  resistance  and  endurance  to  repeated  stresses  go  together  in 
some  cases.  The  accompanying  table  of  tests  of  cast  steels,  made  in  the 
White-Souther  endurance  testing  machine,  is  based  upon  entirely  too 
few  bars  to  be  much  of  an  answer  to  Mr.  Johnson's  query.  How- 
ever, as  far  as  they  go,  these  figures  are  of  value  in  illustrating  what 
has  just  been  said  about  the  possibility  of  obtaining  simultaneously 
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great  impact  resistance  and  great  endurance  to  repeated  stresses,  in 
a  soft  cast  steel.  It  will  be  seen  by  these  figures  that  the  softer  steel 
has  by  suitable  heat  treatment  been  given  a  strength  and  elastic  limit 
about  equal  to  that  of  the  harder  steel,  and  that  it  possesses  at  the 
same  time  great  impact  resistance.  In  the  endurance  test,  as  the 
table  shows,  four  bars  of  this  steel  so  treated  endured  an  average  of 
10,878,050  revolutions  at  a  fiber  stress  of  28,270  lb.  to  the  square 
inch,  and  an  average  of  828,950  revolutions'  additional  at  a  fiber 
stress  of  88,870  lb.  to  the  square  inch.  Compared  with  this,  we  have 
on  ten  tests  of  harder  steel,  all  treated  alike  (leaving  out  test  C),  an 
average  of  3,805,000  revolutions  at  28,270  lb.  to  the  square  inch  for 
five  bars;  and  an  average  of  10,451,240  revolutions  at  28,270  lb. 
per  square  inch,  and  of  590,560  revolutions  additional  at  88,870  lb. 
per  square  inch,  for  five  bars.  It  will  also  be  seen  that  with  one 
exception  the  softer  steel  in  every  case  endured  more  revolutions 
than  any  test  of  the  harder  steel.  No  doubt,  by  heat  treating  the 
harder  steel  in  the  same  way  as  the  softer,  both  the  tensile  properties 
and  the  endurance  figures  for  this  steel  can  be  improved ;  and  there- 
fore, if  we  are  considering  only  the  resistance  to  repeated  light 
stresses,  we  should  use  the  harder  steel  treated  in  the  best  way.  But 
if  we  desire  good  resistance  to  repeated  light  stresses  coupled  with 
great  impact  resistance,  we  would  use  the  softer  steel  heat  treated^ 
and  kill  two  birds  with  one  stone. 

Mr.  Stoughton  and  Dr.  Campbell  state  that  certain  cast  steels, 
which  they  tested,  exhibited  comparatively  good  tensile  figures  but 
gave  very  poor  impact  resistance ;  and  that  the  fracture  of  this  steel 
was  coarse,  as  though  the  steel  were  badly  overheated.  My  ex* 
perience  has  been  that  in  hypo-eutectoid  cast  steel  cooled  slowly  from 
the  annealing  temperature  (and  by  this  I  mean  cooled  at  what  is  a 
slow  rate  in  a  large  annealing  furnace,  a  matter  of  a  good  many 
hours),  the  impact  resistance  is  not  particularly  high,  even  in  soft 
steel,  and  the  microstructure  consists  of  comparatively  large  grains  of 
ferrite  and  pearlite.  These  steels  so  annealed  habitually  give  quite 
good  tensile  properties,  but  rather  poor  impact  resistance ;  and  the  im- 
pact tests  break  with  the  fracture  described.  This  condition  of  course 
is  often  greatly  exaggerated  by  extreme  coarseness  of  microstruc- 
ture, by  under-annealing,  or  by  great  segregation  of  impurities.  But 
the  general  type  of  fracture  is  typical,  and  very  different  from  that  of 
steel  heat  treated  in  such  a  way  as  to  give  higher  impact  figures, 
which,  as*  Professor  Howe  has  pointed  out,  are  always  an  indication  of 
truly  fine  microstructure.     Of  course,  the  lower  the  carbon  and  the 
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greater  the  plastic  deformation  of  the  steel  in  the  impact  test,  the 
more  striking  the  difference  in  the  fracture  of  the  steel. 

As  Professor  Campbell  says,  the  Fremont  machine  requires  frequent 
calibration ;  indeed  its  mechanical  construction  is  not  very  good,  so 
that  it  frequently  gets  out  of  order,  and  when  a  great  many  tests  are 
being  made  every  day,  a  good  deal  of  time  is  wasted  in  tinkering 
with  the  machine.  Not  having  had  experience  with  other  designs  of 
impact  testing  machines,  I  am  unable  to  say  whether  they  are  open 
to  the  same  criticism ;  from  my  general  knowledge  of  their  design,  I 
imagine  that  they  do  not  give  as  much  trouble  in  handling  as  the 
Fremont  machine,  at  least  in  its  present  form. 

In  conclusion,  I  wish  to  express  my  sincere  thanks  to  the  gentle- 
men who  have  so  ably  contributed  to  the  discussion. 
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Treatmeat, 

No. 

Cut  fh>m 

C. 

Si. 

Mn. 

s. 

P, 

Per  Cent    Per  Cent. 

Per  cent, 

Per  Cent. 

Heated  to       O)oled. 

1 

Per  Cent. 

A 

,  4  in.  sq.  . 

0.42 

0.46 

0.73 

900°  5.5  hr.    Air 
700°  5.5  hr.    Slowly 

fi 

4  in.  iq. 

0.44 

0.38 

0.59 

900^5     hr.    Air 

690°  3     hr.    Slowly 

c 

4  in.  sq. 
1  4  in.  6q. 

0.46 
0.36 

0.42 
0.54 

0.71 
0.71 

960°?     hr.   Slowly 
920°  6     hr.    Air 

D 

0.049 

0.051 

690°  3     hr.    Slowly 

E 

4  in.  sq. 

0.47    . 

0.66 

0.73 

900°  6.5  hr.    Air 
700°  U    hr.    Slowly 

F 

4  in.  sq. 

1 

0.43 

0.46 

0.65 

900^*4     hr.    Air 

700°  5     hr.    Slowly 

G 

1.26  by  2.5 
by  12  in. 

0.23 

0.31 

1.07 

0.037 

0.047     900-6     hr.    Water 
!  680°  8     hr.    Air 

H 

4  in.  sq.   > 

0.27 

0.46 

0.71 

900'»6     hr.    Water 

- 

igth.     Elastic  Limit. 

Exteni 

680°  8. 75  hr.  Air 

Contrai 

Tensile  Strer 

Bion  in  2  In 

ction. 

No. 

Lb.  per  8 

q.] 
OO 

[n.       Lb 

.  per  Sq.  In. 
45,990 

Pi 

ir  Cent. 
8.41 

Per  Cent.                 Frfemont 

A 

82,11 

9.79                     7.5 

B 

76.170 

1 

42,990 

14.64 

15.11         ,             5.0 

C 

76,730 

42,750 

12.05 

15.81                     5.0 

D 

73,200 

1 

40,630 

14.08 

19.79                   10.0 

E 

79,500 

44,020 

10.94 

11.49                    8.5 

F 

73,200 

40,200 

1 

12.5 

16.4                      7.5 

G 

67,200 

44,400 

14.19 

31.3          1           32.0 

H 

78,710 

46,400 

22.8 

24.21        '           17.0 

.  . 
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Endurance  Tests. 


No. 


A 
B 
C 
D 
£ 
F 
G 
H 


Fiber  Stress. 

28,270 
28,270 
28,270 
28,270 
28,270 
28,270 
28.270 
28,270 


Deflection,         Revolutions  No.  1  End.  i    Revolutions  No.  2  End 


0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 


10,709,600 

4,685,000  (B) 

2,796,800 

3,474,300 
10,158,400 
10,339,300 
10,475,100 
10,271,000 


iii 


10,709,600 
6,708,000  (B) 

10,000,000  a 
2,3t)8,70a  (B) 
1,789,400  (B) 

10,339,300 

10,475,100 

10,271,000 


No. 


A 
B 
C 
D 

E 
F 
G 
H 


Fiber  Stress. 


38,870 
'38,870 


38,870 
38,870 
38,870 
38,870 


B  signifies  bar  broke. 

A  Exact  number  uncertain. 


Revolutions  No.  1  End. 


Revolutions  No.  2  End 


280,800  (B) 


1,828,600(8) 
366,000  (B) 
393,900  (B) 
834,100  (B) 


302,000  (B) 
'288J76o*(By 


175,400  (B) 

•845,600  (B) 

1,222,300  (B) 


The  Influence  of  Copper  Upon  the  Physical  Properties  of  Steel. 

Discuflsion  of  the  paper  of  G.  Howell  Glevenger  and  Bhtipendranath  Ray,  preeeoted  at  the 
New  York  Meeting,  October,  1918,  and  printed  in  Btdkiin,  No.  82,  October,  1913,  pp. 
2437  to  2475. 

Allbrton  S.  Cushman,*  Washington,  D.  C. : — ^I  am  very  much 
interested  in  the  subject  matter  of  this  paper.  I  have  had  occasion 
to  speak  to  this  question  before.  There  has  recently  been  so  mnch 
written  and  said  and  claimed  about  the  effect  produced  by  the 
addition  of  small  quantities  of  copper  to  steel  that  there  is  certainly 
an  impression  abroad  that  a  new  and  wonderful  cure-all  has  been 
discovered.  Are  we  facing  a  method  of  alchemy  by  which,  at  the 
expenditure  of  very  little  trouble  and  only  a  few  cents'  worth  of 
copper  per  ton,  the  well-known  characteristics  of  steel  with  respect 
to  some  features  are  so  marvelously  changed  as  in  effect  to  produce  a 
new  metal  ?  I  am  a  great  believer  in  the  future  of  the  iron  and  steel 
alloy  field.  I  do  not  think  that  with  all  the  advances  we  have  made 
in  metallurgy  we  have  begun  to  scratch  the  possibilities  of  usefulness 
to  mankind  in  the  exploration  of  the  alloy  field,  and  I  include  in  that 
alloy  field  even  what  might  be  designated  as  the  dilute  alloy  field; 
that  is  to  say,  where  a  very  small  quantity  of  a  metal  alloyed  with 
iron  and  steel  confers  upon  it  some  new  or  extraordinary  qualities. 
With  respect  to  many  of  the  physical  characteristics  of  the  copper- 
iron  or  copper-steel  alloys  I  am  not  particularly  competent  to  speak. 
With  respect,  however,  to  the  investigation  of  corrosion  problems 
and  with  respect  to  claims  made  with  regard  to  resistance  to  corro- 
sion, I  am  competent  to  speak  insofar  as  I  have  specialized  to  some 
extent  in  that  field  and  have  given  up  a  great  deal  of  my  time  for  a 
great  many  years  to  a  study  of  it  Some  years  ago,  being  particu- 
larly interested  in  the  study  of  corrosion  problems,  I  received  the 
very  generous  permission  of  a  large  manufacturing  concern  to  use 
their  large  open-hearth  furnaces  any  way  I  saw  fit  for  exploring  this 
particular  field.  There  is  not  a  metallurgist  in  this  room  who  will 
not  realize  the  generosity  of  a  manufacturing  company  who  would 
permit  a  man  to  pursue  a  theory  and  give  him  as  his  material  to 
work  with  60  tons  of  molten  metal.  At  all  events,  I  threw  copper 
into  the  open-hearth  furnace.  I  explored  this  alloy  field,  not  in  a 
ittle  crucible  in  which  I  had  to  take  out  portions  and  have  them 
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poured  oat  into  test  pieces,  bat  60  tons  of  each  one  of  the  alloys  were 
manufactured,  covering  pretty  thoroughly  the  range  reported  on  by 
this  paper.  Each  one  of  these  heats  was  carefully  watched  through- 
out its  heat  treatment  in  the  rolling  mill  until  it  was  rolled  down  to 
the  finished  product,  and  following  this  a  very  elaborate  series  of 
weather-exposure  tests  was  made.  In  addition,  every  possible  labor- 
atory test  that  has  been  proposed,  including  a  number  of  original 
tests,  was  used  ii^  order  to  study  the  possible  effect  of  copper  in  pro- 
ducing an  extra  corrosion  resistivity  in  the  metal.  I  had  originally 
hoped  that  copper  was  going  to  prove  to  be  a  solution,  or  at  least  a 
partial  solution,  of  the  difficulty  involved  in  manufacturing  a  metal 
of  maximum  resistance  to  corrosion  at  a  reasonable  cost.  As  time 
went  on  I  was  obliged  to  conclude  as  the  result  of  many  tests  that 
copper  was  not  beneficial  to  iron  iu  aiding  it  to  resist  corrosion,  but, 
on  the  contrary,  was  in  many  cases  deleterious.  In  order  to  be  con- 
servative one  has  to  admit  that  although  copper  may  not  be  of  any 
benefit  to  a  comparatively  pure  iron  base,  it  may,  in  some  extraor- 
dinary way,  either  by  preventing  segregation  of  other  impurities  or 
for  some  other  reason,  be  beneficial  to  steel.  I  am  not  prepared  to 
prove  that  in  some  cases  copper  steel  may  not  show  an  added  re- 
sistance to  corrosion,  but  I  cannot  say  that  the  tests  which  I  have 
under  way  seem  to  be  tending  toward  that  conclusion,  and  I  greatly 
fear  that  the  introduction  of  a  certain  small  copper  content  as  a 
standard  of  specification  is  going  to  admit  improperly  made  steels, 
provided  their  copper  content  seems  right.  I  am  fortunate  enough 
to  have  at  my  disposal  a  saw  that  in  a  reasonably  short  space  of  time 
will  cut  in  two  pieces  longitudinally  an  iron  or  steel  ingot  18  by  20 
in.,  weighing  about  5,000  lb.  With  this  instrument  at  my  command 
I  have  been  interested  in  splitting  open  a  number  of  ingots  in  order 
to  study  the  best  methods  of  getting  dense,  solid  metal.  Insofar  as 
segregation  infiuences  the  resistance  to  corrosion  of  the  finished  pro- 
ducts, I  think  we  must  all  admit  that  there  may  be  two  kinds  of 
segregation :  the  one  chemical  and  the  other  physical.  For  instance, 
in  an  ordinary  steel,  sulphide  of  manganese  or  a  double  carbide  of  man- 
ganese and  iron  may  crystallize  out  of  the  molten  magma  during  the 
cooling  operation,  and  produce  chemical  segregation.  Again,  a 
molten  metal  on  cooling  may  inclose  gases  and  be  full  of  blow-holes. 
If  a  material  of  this  nature  is  rolled  down  to  a  finished  sheet,  it  will 
suffer  from  this  physical  segregation  or  open  condition  of  the  ingot 
and  be  more  or  less  laminated.  Such  a  laminated  material  cannot 
be  expected  to  be  as  slow  rusting  as  one  that  is  rolled  from  a  dense, 
solid  ingot.     My  observation  so  far,  in  the  use  of  this  apparatus,  has 
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been  that  the  copper  metal  appears  very  much  worse  from  the  stand- 
point of  physical  segregation  than  the  commercially  pure  iron.  It  is 
apparent  that  the  authors  of  this  paper,  who  were  working  with  small 
runs  of  the  crucible  steels,  encountered  the  same  difficulty,  and  in 
their  summary  they  recommended  the  advisability,  where  copper 
steels  are  about  to  be  made,  of  the  use  of  special  deoxidizers  in  order 
to  overcome  the  tendency  to  make  open  ingots.  They  state :  "  In 
making  copper  steel  by  the  crucible  process  it  is  necessary  to  •  kill ' 
the  metal  before  adding  the  copper,  and  just  before  pouring  it  is 
advisable  to  add  a  small  amount  of  some  deoxidizing  agent."  Of 
course,  on  the  large  scale  of  steel  operation  in  the  open-hearth  plant, 
deoxidizing  agents  are  invariably  used  and  the  metal  is  properly 
quieted. 

I  think  it  is  now  generally  admitted  that  the  rate  at  which  a  metal 
dissolves  in  acid  is  not  a  true  measure  of  its  corrosion  resistance  when 
it  is  put  out  under  service.  I  have  always  thought  that  I  was  more 
liberal  toward  the  acid  test  than  a  number  of  my  colleagues,  inasmuch 
as  I  have  always  claimed  that  it  was  a  useful  test  if  properly  inter- 
preted, even  though  it  is  not  a  true  measure  of  atmospheric  corrosion 
resistance.  It  will  be  noted  (see  table,  p.  2445,  and  Fig.  5)  that  at 
first  as  the  copper  content  rises  in  their  experimental  beats  the 
solubility  in  acid  goes  down,  but,  having  reached  a  minimum,  it  starts 
up  again,  and  when  it  goes  up  it  proceeds  far  beyond  where  it  started 
from  when  there  was  no  copper  in  the  metal  at  all.  I  can  think  of 
no  reason  why  adding  successive  increments  of  copper  to  successive 
heats  should  have  this  effect,  unless  electrolytic  action  begins  to  make 
itself  more  and  more  felt  as  the  increase  of  copper  and  the  tendency 
to  segregation  increases.  I  therefore  interpret  this  curve  as  showing 
that  copper  dissolved  in  steel  tends  to  segregate,  and  if  this  is  true, 
this  tendency  has  to  be  overcome  by  the  manufacturers  of  copper 
steel  or  else  electrolysis,  with  its  well-known  tendency  to  produce 
rapid  and  localized  corrosion,  will  take  place. 

The  question  I  am  discussing  is  whether  the  use  of  copper  as  a 
preservative  for  steel  is  a  move  in  the  right  direction.  If  we  should 
grant  that  a  copper  steel  properly  made  will  last  longer  than  a  steel 
without  copper  in  it,  what  guarantee  is  there  in  the  purchase  or  use 
of  copper  steel  that  it  is  properly  made  and  that  neither  chemical  nor 
physical  segregation  will  produce  deleterious  results?  Speaking  for 
myself,  I  can  only  say  that  if  I  had  no  other  evidence  but  this  theo- 
retical consideration,  I  should  be  opposed  to  the  widespread  use  of 
copper  steel  until  the  actual  evidence  came  in  to  prove  that  it  was 
superior  in  rust  resistance  to  carefully  made  steels  which  did  not 
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carry  copper.  I  believe  I  may  truly  say  that  I  have  under  my  ob- 
servation at  the  present  time  probably  more  extended  atmospheric 
and  other  sorts  of  corrosion  tests  than  any  other  investigator  of  this 
problem.  I  have  been  interested  in  it  for  a  number  of  years,  and  I 
am  anxious  to  get  at  the  truth.  If  I  can  be  convinced  in  the  course 
of  time  that  copper  steel  is  more  resistant  to  corrosion  than  any  other 
form  of  ferrous  metal  I  shall  not  hesitate  to  make  the  admission,  but 
the  results  so  far  obtained  on  tests  which  I  am  constantly  inspecting 
have  pointed  in  quite  the  opposite  direction.  For  instance,  some 
time  ago  I  caused  to  be  built  a  large  manure  stack  which  was  made 
of  alternate  slats  of  corrugated  ungalvanized  material,  all  of  equal 
gauge.  The  slats  were  not  allowed  to  touch  each  other,  but  had  open 
spaces  between  them,  through  which  the  seepage  from  the  manure 
could  escape.  Some  of  these  slats  are  now  beginning  to  go,  and  I 
have  no  hesitation  in  stating  here  that  in  this  particular  case  the 
copper  steels  and  copper  irons  were  the  first  to  give  way.  I  am  quite 
aware  of  the  fact  that  it  is  impossible  to  discuss  so  important  a  sub- 
ject as  this  without  developing  grave  differences  of  opinion  between 
colleagues.  Separate  investigators  do  not  report  results  which  agree 
with  each  oth.er.  This  seems  to  be  inevitable  in  the  study  of  all  sorts 
of  problems  in  this  world.  There  can  be,  after  all,  only  one  solution, 
and  that  is  to  patiently  wait  until  sufficient  time  has  gone  by  for  the 
points  at  issue  to  be  thoroughly  tested  out;  but  I  cannot  agree  that 
the  tests  made  by  any  one  investigator,  whether  by  myself  or  by  any- 
body else,  as  the  result  of  the  observation  of  a  few  months  or  of  a  year, 
can  be  taken  as  conclusively  settling  an  important  problem  in  which 
so  many  different  kinds  of  people  are  vitally  interested. 

Robert  W.  Hunt,  Chicago,  111. : — A  matter  has  come  under  my 
attention  within  the  last  two  weeks  which  is  of  interest  to  me,  par- 
ticularly as  I  think  I  have  been'  somewhat  of  an  old  fogy  in  thinking 
that  the  way  to  make  good  steel  is  to  make  good  steel.  There  is  a 
^  pipe  line  company  in  the  far  West  which  is  about  to  lay  several  hun- 
dred miles  of  pipe.  They  have  taken  out  of  an  existing  line  some 
samples  of  pipe  and  submitted  them  for  analysis,  so  that  they  might 
have  specifications  drawn  to  give  them,  if  possible,  exactly  the  same 
material  and  results,  as  the  pipe  had  given  such  excellent  service  and 
had  been  in  the  ground  a  little  over  30  years.  The  pipe  was  made  in 
Wheeling,  W.  Va.  Analysis  disclosed  that,  so  far  as  its  chemical 
composition  was  concerned,  it  was  very  ordinary  Bessemer  steel. 
But  80  years  takes  you  back  to  about  the  time  that  Frank  Hearn 
started  making  steel  pipe.     It  was  just  about  the  time  that  the  atten- 
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tion  of  the  people  who  were  then  making  steel  in  this  country  was 
particularly  directed  toward  making  soft  steel,  and  they  endeavored 
to  get  good  results  by  great  care  in  the  blowing  of  that  metal,  haTing 
the  ingots  sound,  discarding  anything  that  indicated  segregation  or 
porosity,  and  working  it  carefully  and  thoroughly ;  and  I  think  the  life 
of  that  pipe  is  explained  in  that  way.  I  am  going  to  try  to  find  oat  if 
that  is  not  some  of  Frank  Beam's  original  pipe.  You  may  recall, 
Mr.  Chairman,  that  he  announced  to  the  Institute  the  great  resalts 
that  he  was  accomplishing  as  against  the  then  generally  used  iron 
pipe. 


\ 


Over-Oxidation  of  Steel. 

DiacussioD  of  the  paper  of  W.  R.  Shimer  and  F.  O.  Kichline,  pre^jBiited  at  the  New  York 
Meeting,  October,  1913,  and  printed  in  Bulletin  No.  81,  September,  1913,  pp.  2361  to  2377. 

Allbrton  8.  CusHMAN,*  Washington,  D.  C: — I  have  been  much 
interested  in  Mr.  Shimer's  valuable  contribution.  The  apparent  fact 
that  the  oxides  of  certain  metals  which  are  not  reduced  by  hydrogen 
per  sSy  are  reducible  when  the  oxides  are  dissolved  in  iron  in  small 
quantity,  is  brought  out  for  the  first  time,  and  is  worthy  of  the  careful 
attention  of  investigators.  The  Ledebur  method  has  been  subjected 
to  considerable  criticism,  owing  to  the  alleged  fact  that  it  did  not 
measure  the  oxygen  combined  with  impurities.  Personally  I  have 
found  the  method  extremely  helpful  in  spite  of  the  minute  quantities 
of  oxygen  with  which  it  deals. 

Mr.  Shimer  points  out  that  the  highest  oxygen  he  obtained  by 
over-blowing  was  0.074  per  cent.,  while  the  minimum  quantity  in  a 
properly  finished  steel  was  in  the  neighborhood  of  0.02  per  cent. 
The  Ledebur  method  is  used  as  a  constant  check  on  the  quality  of 
heats  made  in  practice  under  my  direction.  In  dealing  with  a  very 
pure  commercial  iron,  we  should  expect  to  find  and  would  find  diffi- 
culty in  galvanizing  sheets  made  from  a  heat  running  0.07  per  cent, 
oxygen.  In  fact,  we  do  not  like  to  have  the  oxygen  rise  above  0.03 
per  cent. 

I  am  inclined  to  agree  with  the  author  that  excessive  oxygen 
leaves  a  bath  of  metal  in  a  very  short  time,  but  nevertheless  I  believe 
it  takes  only  a  very  little  combined  oxygen  to  begin  to  make  its 
presence  felt  in  the  pickling  and  galvanizing  department,  when  sheet 
metal  is  the  product  manufactured.  As  Mr.  Shimer  points  out,  the 
higher  the  carbon,  the  lower  the  oxygen  danger,  and  it  is  partly  for 
this  reason  that  the  manufacture  of  carbon-free  metal  in  the  open- 
hearth  furnace  has  to  be  so  very  carefully  watched  and  controlled 
from  the  furnace  through  to  the  finished  product.  It  is  quite  possible 
that  there  is  a  critical  temperature  of  dissociation  between  iron  and 
oxygen,  although  the  critical  points  may  vary  in  baths  of  different 
carbon  content.  Unfortunately,  the  accurate  determination  of  the 
temperature  of  a  molten  bath  at  the  time  of  pouring  or  teeming  is  a 
very  difficult  matter.  For  a  long  time  I  have  been  wishing  that  there 
were  some  reliable  data  which  would  indicate  the  effect  of  the  tem- 
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perature  of  the  bath  on  the  oxygen  content.  It  is  quite  possible  that 
at  the  highest  temperature  at  which  a  heat  is  properly  finished  in  the 
furnace,  it  is  pretty  thoroughly  deoxidized,  but  that  during  the  cool- 
ing which  takes  place  while  the  pouring  and  teeming  operations  are 
going  on  oxygen  begins  to  be  taken  up  again. 

We  must  not  forget  that  iron  is  eager  to  combine  with  oxygen  and 
will  do  so  unless  it  is  prevented,  and,  moreover,  that  we  are  working 
at  the  bottom  of  an  atmospheric  ocean  consisting  of  one-fifth  oxygen, 
and  under  a  fairly  constant  pressure  of  15^  lb.  to  the  square  inch. 

In  the  making  of  Bessemer  and  open-hearth  steels  under  the  usual 
conditions  of  practice  and  with  the  addition  of  recarburizers,  I  quite 
agree  with  Mr.  Shimer  that  a  metal  running  over  0.030  oxygen 
should  not  be  encountered.  In  the  manufacture  of  very  pure  iron  in 
the  open-hearth  furnace,  the  matter  is  not  so  simple,  and  constant 
care  and  watchfulness  are  necessary.  Even  in  this  case,  however,  a 
heat  finishing  much  over  0.05  per  cent,  in  oxygen  by  the  Ledebur 
method  would  not  be  considered  to  have  been  properly  treated. 

If  an  ordinary  Kipp  generator  is  used  in  the  Jaboratory  and  mossy 
zinc  is  the  source  of  the  manufacture  of  the  hydrogen,  of  course  that 
mossy  zinc  goes  into  the  Kipp  generator  full  of  air  and  therefore  the 
oxygen  included  in  the  zinc  wall  be  gradually  carried  along  with  the 
hydrogen,  and,  going  over  the  hot  iron  in  the  tube,  would  form  water 
and  bring  in  an  error.  If,  however,  the  hydrogen  is  electrolytic 
hydrogen  that  is  used  in  the  analytical  method  and  is  carefully  dried, 
then  of  course  the  preheating  tube  can  be  safely  done  away  with. 

J.  E.  Johnson,  Jr.,  New  York,  N.  Y. : — If  the  Ledebur  method,  as 
used  by  Mr.  Cushman,  does  not  give  the  oxygen  from  any  oxide 
except  that  of  iron,  then  that  fact  is  greatly  in  its  favor.  If  we  have 
a  method  which  gives  oxygen  from  whatever  source,  even  slag,  then 
we  get  a  result  which  has  no  necessary  connection  with  the  funda- 
mental quality  of  the  metal,  but  only  with  the  casual  or  accidental 
impurities  which  it  contains,  for  a  small  quantity  of  slag  will  contain 
more  oxygen  than  a  very  large  quantity  of  steel. 

We  have  other  methods  of  finding  slag  and  the  oxides  of  other 
substances  than  iron,  because  they  are  not  soluble,  or  at  least  only  to 
a  very  slight  degree,  in  the  bath,  whereas  the  oxide  of  iron  is  highly 
s()lu})le  in  the  bath  and  exercises  a  chemical  influence  on  the  charac- 
ter of  the  metal  far  more  important  than  that  exercised  by  particles 
of  slag  or  other  oxides  undissolved. 

I  would  like  to  confirm  the  ptatement  of  Mr.  Cushman  in  regard 
to  the  importance  of  the  preheating  tube  when  using  the  Kipp  hydro- 
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gen  generator.  At  the  Aehland  plant  of  the  Lake  Superior  Iron  & 
Cliemieal  Co.,  at  which  I  was  Manager  for  several  years  until  recently, 
we  made  a  great  many  determinations  of  oxygen  and  we  found  the 
preheating  tube  to  be  an  absolute  necessity. 

There  is  a  feature  of  this  subject  which  appears  to  have  been  very 
generally  overlooked.  The  affinity  of  carbon  for  oxygen  rises  very 
rapidly  with  the  temperature,  and  for  this  reason  a  large  quantity  of 
carbon  in  the  bath  has  a  much  smaller  deoxidizing  influence  than  a 
very  small  quantity  of  carbon  at  a  high  temperature. 

I  recently  saw  a  Stoughton  converter  turned  down  when  the  silicon 
had  been  blown  out  and  the  metal  still  contained  about  8  per  cent, 
of  carbon.  That  metal  was  what  a  furnaceman  would  call  a  wild 
white  iron.  It  was  bubbling  actively  in  the  converter  and  the  metal 
when  poured  was  full  of  blow-holes.  It  was  evidently  full  of  oxygen 
and  the  reaction  between  the  oxygen  and  the  carbon  was  still  going 
on,  although  slowly.  A  similar  heat  blown  until  the  carbon  was 
down  to  0.04  gave  a  metal  as  quiet  and  almost  as  free  from  bubbling 
as  so  much  ci*eam.  It  poured  quietly  and  appeared  to  be  absolutely 
free  of  oxygen  before  the  addition  of  the  deoxidizers.  I  am  con- 
vinced from  this  and  from  the  results  of  the  experiments  niade  by 
Mr.  Shimer  that  the  i;emperature  of  the  bath  is  the  principal  element 
in  controlling  the  amount  of  oxygen  the  bath  will  retain.  If  the 
temperature  is  high  enough  a  very  small  amount  of  carbon  remaining 
in  the  bath  is  sufficient  to  react  with  the  oxygen  and  remove  almost 
all  of  it ;  whereas,  if  you  keep  the  temperature  low  a  much  larger 
quantity  of  carbon  is  entirely  unable  to  accomplish  this  result.  In 
my  judgment,  this  is  the  reason,  rather  than  any  obscure  or  myste- 
rious chemical  phenomena,  why  the  electric  furnace  will  give  a  metal 
freer  of  oxygen  than  any  other.  These  furnaces  have  at  command 
an  enormous  temperature  which  they  can  maintain  for  an  indefinite 
time  in  any  sort  of  atmosphere  that  may  be  desired,  and  this  high 
temperature  enables  them  to  cleanse  the  bath  of  oxygen  as  they  could 
not  do  in  any  other  way. 

HsNRT  D.  HiBBARD,  Plainfield,  N".  J. — This  serious  attempt  to  chase 
elusive  oxygen  to  his  lair  and  find  out  how  big  he  is  and  something 
of  what  he  does  there  is  most  commendable  and  instructive.  Some 
of  the  authors'  interpretations  of  the  phenomena  observed  may,  how- 
ever, be  open  to  criticism.  The  word  steel  is  used  in  the  title  and 
elsewhere  in  the  paper  when  iron  would  perhaps  be  more  correct,  as 
it  deals  for  the  most  part  with  oxygen  in  decarburized  iron,  which  of 
course  is  not  steel,  but  which  forms  a  step  in  the  manufacture  of  steel. 
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Determinations  of  oxygen  in  steels  are  indeed  given,  but  odI j  for  com- 
parison, not  being  made  on  over-oxidized  steels.  Every  one  now  agrees 
that  steel,  to  be  steel,  whatever  other  properties  it  has,  must  be  use- 
fully malleable  or  ductile. 

Oxygen  is  the  chief  reagent  used  in  the  oxidation  processes  of 
making  steel,  being  needed  in  the  acid  processes  to  oxidize  and 
thereby  eliminate  carbon,  silicon,  and  manganese  from  the  stock,  and 
in  the  basic  processes  phosphorus,  and  to  some  extent  sulphur  as  well. 
To  do  so  at  a  fair  rate  requires  that  an  excess  of  oxygen  be  introduced 
to  the  molten  charge.  To  make  commercial  steel  demands  that  the 
excess  at  the  end  of  the  operation  be  decreased  to  a  certain  unknown 
content,  which  the  determinations  given  in  the  paper  fix  at  something 
under  0.02  per  cent. ;  probably  the  less  the  better  for  the  quality. 
The  removal  of  this  excess  of  oxygen,  or  the  oxides  it  forms,  is  done 
partly  by  furnace  treatment  and  partly  by  the  addition  of  elements 
having,  at  steel-melting  temperatures,  greater  affinity  for  oxygen  than 
iron  has.  Chief  of  such  elements  is  manganese.  In  every  case  enough 
time  must  also  be  allowed  for  the  removal  of  the  undesired  excess  of 
oxygen  and  its  products.  The  determinations  of  oxygen  by  Walker 
and  Patrick,  by  their  vacuum  method,  indicate  that  the  method  used 
by  the  authors  does  not  give  the  whole  content  of  oxygen,  but  per- 
haps only  that  combined  with  iron.  Indeed,  on  comparing  the  analy- 
ses of  the  blown  irons  with  those  given  of  finished  steels  it  might  be 
supposed  that  the  difference  between  0.019  and  0.029  per  cent,  or 
0.01  per  cent.,  of  oxygen,  was  all  there  was  to  account  for  one  being 
so  red-short,  as  to  break  in  forging  at  the  first  blow  of  the  hammer, 
while  the  other  was  of  a  commercial  quality.  It  is  hard  to  believe 
that  such  was  the  case. 

Walker  and  Patrick  always  obtained  much  more  oxygen  by  their 
vacuum  method  than  by  Ledebur's  method,  usually  a  number  of  times 
as  much.  Nevertheless,  the  paper  under  consideration  is  valuable  in 
giving  the  comparative  amounts  of  oxygen  in  iron  blown  in  various 
ways  and  with  subsequeut  additions  of  molten  pig  iron. 

If  we  surely  knew  the  total  oxygen  content  of  a  steel  or  decarbur- 
ized  iron  we  then  would  need  to  know  the  proximate  analyses  or  the 
compounds  such  oxygen  formed,  including  oxides  of  manganese,  sili- 
con, and  iron  and  their  mixtures  and  derivatives.  Knowing  these, 
we  would  still  need  to  know  their  modes  of  occurrence,  concentra- 
tion, and  distribution  in  the  steel  and  then  how  to  interpret  such 
modes,  particularly  in  terms  of  physical  properties. 

In  order  to  show  the  relations  of  the  tests  and  results  given  in  the 
paper  to  actual  steel  making,  it  would  have  helped  greatly  if  the 


OVER-OXIDATION   OF  8TBEL.  2945 

uBual  amounts  of  manganese  for  the  different  grades  of  steel  had 
been  added  and  the  resulting  steels  examined  and  tested.  As  it  is, 
the  effect  of  oxygen  in  steel  is  left  unknown  to  nearly  the  same  extent 
as  before. 

The  recurrence  of  about  0.025  per  cent  of  oxygen  in  the  tests 
which  by  reason  of  decreased  blowing  or  additions  of  pig  are  less 
strongly  oxidized  than  the  others,  raises  the  question  as  to  whether 
or  not  there  is  a  state  of  equilibrium  when  that  amount  is  present. 

The  assumed  probability  in  regard  to  test  No.  9,  that  the  sonim 
globules  (solid  non-metallic  impurities)  are  iron  phosphide,  seems 
open  to  objection.  The  converter  evidently  had  an  acid  lining,  and 
if  so  no  separation  of  phosphide  would  take  place  in  the  presence  of 
an  acid  slag.  The  sonims  in  this  test  would  appear  more  likely  to  be 
chiefly  mixed  silicates  of  manganese  and  iron,  the  silicon  and  man- 
ganese being  derived  chiefly  from  the  added  pig  iron  and  being  oxi- 
dized by  a  part  of  the  oxide  of  iron  contained  in  the  over-blown  metal. 
It  would  be  interesting  to  know  how  the  authors  determined  the  gray 
centers  of  the  ferrite  bands  in  No.  9a  to  be  phosphide  of  iron,  and  why 
they  ascribe  the  red-shortness  of  Nos.  7,  9, 12,  and  13  to  that  constitu- 
ent when  there  is  ample  oxide  and  silicate  present  to  cause  it. 

The  manganese  in  some  of  the  tests,  notably  in  No.  10,  is  probably 
in  the  form  of  an  oxide.  This  is  practically  proved  by  the  fact  that  a 
5  min.  after-blow  did  not  decrease  the  amount,  which  it  must  have 
done  if  it  was  in  the  metallic  form,  and  also  shows  that  there  was  little 
if  any  silica  present  to  flux  it,  as  practically  all  of  that  formed  during 
the  blow  had  presumably  already  entered  the  slag. 

The  forging  capability  of  test  No.  21  might  perhaps  have  been  due 
to  its  low  content  of  oxygen,  as  low  as  that  of  some  of  the  determina- 
tions given  of  oxygen  in  finished  steels  (0.017  per  cent.)^  instead  of 
absence  of  phosphide  of  iron,  as  the  authors  state.  The  0.8  per  cent, 
of  manganese  present  was  enough  to  prevent  the  presence  of  any 
large  excess  of  oxygen  in  the  blown  metal  and  was  clearly,  it  would 
seem,  the  cause  of  the  good  forging  property. 

Hbnrt  M.  Howk,  New  York,  N.  Y. : — Mr.  Hibbard,  I  believe, 
thinks  that  a  dead  man  must  not  be  spoken  of  as  a  man,  and  that 
over-blown  metal  must  not  be  spoken  of  as  steel.  I  do  not  know 
that  I  can  accept  that.  There  was  the  old  idea  very  deeply  rooted 
among  very  intelligent  observers  that  if  you  once  very  badly  over- 
oxidized  metal  you  never  could  get  it  back  so  that  it  would  be  really 
very  good  metal.  It  would  pass  all  common  commercial  tests,  but 
never  would  be  very  good  metal.     Many  of  the  things  that  have  been 
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reported  from  the  electric  furnace  would  seem  to  indicate  that  that 
was  a  mistake,  and  that  the  reason  you  did  not  get  good  metal  wafi 
that  as  the  open-hearth  furnace  was  actually  constructed  and  oper- 
ated, you  did  not  have  an  opportunity  to  get  the  oxygen  out.  Tea 
could  not  pig  back  effectively,  because  the  re-oxidation  followed  bo 
fast  on  your  de-oxidation.  Very  likely  Mr.  Acker  can  tell  us  how 
that  is  from  his  experiments.  Having  over-oxidized  so  very  far, 
farther  almost  than  any  one  else,  was  he  then  able  to  make  really 
good  steel  out  of  it  ? 

I  should  like  to  ask  about  the  effect  of  temperature  on  the  oxygen. 
If  I  understand  Mr.  Cushman,  it  is  with  falling  temperature  that 
the  solubility  of  oxygen  increases,  in  his  opinion.  It  has  been  asserted 
that  when  you  rabbled  the  bath  and  got  enormous  evolution  of  gas, 
that  evolution  was  due  to  the  lowering  of  the  temperature  by  the 
cold  rod,  implying  that  lowering  the  temperature  favored  the  removal 
of  oxygen  by  forming  CO.  Is  he  really  prepared  to  say  that  the 
evolution  of  gas  on  stirring  is  purely  mechanical  and  is  not  due  to 
the  lowering  of  the  temperature  by  the  rod  ? 

Allbrton  8.  Cushman  :  I  think  it  will  be  seen  that  I  merely  raised 
a  question  in  regard  to  the  deoxidation  of  a  metal  bath  in  the  open- 
hearth  furnace.  I  had  no  intention  of  making  any  definite  state- 
ment in  regard  to  the  subject.  Most  of  my  experience  in  iron  metal- 
lurgy has  been  in  connection  with  the  development  of  pure  com- 
mercial irons  as  made  in  the  basic  open-hearth  furnace,  which  called 
for  a  bath  several  hundred  degrees  hotter  than  an  ordinary  steel  bath, 
and  the  heat  is  kept  on  for  a  longer  time.  Certain  things  that  have 
come  under  my  observation  have  led  me  to  question  whether,  under 
the  conditions  in  which  we  are  working,  our  metal  is  not  more  thor- 
oughly deoxidized  before  tapping  off  than  it  is  in  the  finished  metal. 
It  is  quite  possible  that  under  the  slightly  reducing  conditions  of 
the  open-hearth  furnace  and  at  a  very  high  temperature,  toward  the 
end  of  the  heat  the  superoxidized  condition  of  the  bath  disappears 
and  the  metal  is  finished  fairly  well  deoxidized,  before  any  de- 
oxidizing agent  has  been  added.  In  other  words,  I  question  whether, 
as  a  heat  is  conducted  in  the  open-hearth  furnace,  a  certain  portion 
of  it  does  not  represent  a  superoxidation  and  another  portion  of  it  a 
subsequent  reduction  as  the  temperature  rises.  I  believe  this  would 
be  an  interesting  point  to  investigate  in  a  systematic  manner. 

P.  H.  Grifpin,  New  York,  N.  Y. : — I  would  like  to  ask  if  any 
record  has  been  made  of  the  difference  in  oxygen  content  between 
the  steel  made  at  the  present  time  and  the  steels  which  were  made 
15  or  20  years  ago. 
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Albert  Sauveur,  Cambridge,  Mass. : — We  should  be  thankful  for 
any  information  added  to  the  little  we  really  know  regarding  the  pres- 
ence of  oxygen  in  steel,  and  we  should  be  indebted  to  Mr.  Shimer  for 
his  valuable  contribution.  It  is,  I  think,  surprising  to  note  the  slight 
difierence  in  oxygen  content  between  a  normal  heat  and  an  exces- 
sively over-oxidized  one ;  namely,  0.03  per  cent,  in  the  one  case,  and 
some  0.06  per  cent,  in  the  other,  seeing  that  the  first  steel  should  be 
thoroughly  malleable,  and  the  latter,  red-short.  We  have  all  been 
taught  to  believe  that  steel  at  a  high  temperature  is  readily  oxidized, 
and  still,  according  to  Mr.  Shimer,  it  will  not  take  up  more  than  0.06 
or  0.07  per  cent,  of  oxygen.  Surely  the  craving  of  the  metal  for 
oxygen  is  easily  satisfied.  Do  chemists  believe  that  they  have  an 
accurate  analytical  method  for  the  determination  of  that  element  ? 

Joseph  W.  Richards,  South  Bethlehem,  Pa.: — When  Professor 
Walker  and  Mr.  Patrick  gave  a  paper  on  the  determination  of  total 
oxygen  in  steel  before  the  International  Congress  of  Applied  Chem- 
istry, in  September,  1912, 1  tlioaght  that  we  had  then  arrived  at  the 
method  which  would  be  thenceforth  used  in  all  such  investigations 
as  this  under  discussion.  I  think  this  investigation  must  be  regarded 
as  incomplete,  because  the  authors  did  not  use  the  vacuum-furnace 
method  for  determining  the  total  oxygen.  I  do  not  say  that  the 
Ledebur  method  should  not  be  used,  for  it  gives  us  some  information. 
But  it  was  absolutely  determined  by  Walker  and  Patrick's  tests  that 
the  steel  which  gave  no  oxygen  by  the  Ledebur  method  gave  oxygen 
by  the  electric  vacuum-furnace  method.  Therefore,  I  think  that  any 
investigator  at  the  present  time  who  is  looking  for  the  oxygen  in 
steel  ought  to  use  either  the  vacuum-furnace  method  or  both  methods. 
One  method  supplements  the  other,  and  each  gives  some  information 
which  the  other  does  not  give.  But  the  proper  one  to  use  is  neces- 
sarily the  electric  vacuum-furnace  method,  to  give  the  total  oxygen. 
There  certainly  appear  to  be  some  inconsistencies  in  the  results,  which 
I  think  would  have  been  cleared  up  by  having  used  both  methods. 

Some  one  has  asked  why  the  metal  was  not  recarburized  and  fin- 
ished. But  at  Bethlehem  they  are  using  the  duplex  process,  which 
gave  an  opportunity  of  over-blowing  this  steel  and  then  taking  it  to 
the  open-hearth  furnace,  so  that  the  heat  was  not  lost.  Otherwise, 
these  tests  would  not  have  been  made.  There  is  no  Bessemer  plant 
that  would  have  over-blown  this  steel  this  way  if  it  was  not  to  be  subse- 
quently treated  and  used  in  the  open-hearth  or  electric  furnace.  That 
explains  why  the  steel  was  not  finished  in  the  ordinary  way  and  the 
manganese  added  to  it. 
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As  to  the  reduction  of  the  oxide  of  chromiam^  we  mast  recognize 
the  fact  that  the  oxides  which  are  in  the  bath  and  which  will  separate 
out  as  the  metal  cools  are  not  necessarily  there  as  pure  oxides.  They 
are  probably  there  as  combinations  with  the  oxide  with  iron.  We 
have  oxide  of  iron  and  oxide  of  chromium  in  chromite,  a  naturally 
occurring  compound,  and  it  is  altogether  probable  that  we  have  in 
the  bath  there  not  chromium  oxide,  but  something  analogous  to  chro- 
mite,  and  this  combination  of  iron  oxide  with  chromium  would  be 
more  easily  reducible  than  the  pure  oxide  of  chromium. 

Mr.  Johnson's  remark  that  a  bath  in  a  small  converter  was  boiling 
quietly,  with  all  its  carbon  in  after  the  silicon  had  gone  out,  is  eas- 
ily explained  by  the  fact  that  that  was  an  evidence  that  the  carbon 
was  performing  deoxidation  of  the  bath.  That  boiling  was  evidently 
due  to  the  action  of  the  carbon  on  the  iron  oxide  and  the  escape  of 
CO  gas.  That  brings  us  back  to  the  fundamental  course  of  oxidation 
of  the  bath,  and  that  is  certainly  that  the  iron  is  oxidized  continu- 
ously in  large  quantity,  and  then  we  have  simultaneously,  or  nearly 
so,  deoxidation  all  the  way  through  the  blow. 

A.  S.  CusHMAN : — I  cannot  agree  with  Professor  Richards  in  his 
recommendation  that  the  Arsem  furnace  method  for  determining  the 
oxygen  is  either  necessary  or  desirable.  It  is  true  that  the  Arsem 
furnace  method  determines  total  oxygen;  that  is  to  say,  not  only 
such  oxygen  as  may  be  combined  with  silicates  and  included  slag, 
but  also  any  oxygen  that  may  be  present  combined  with  aluminum 
if  aluminum  has  been  carelessly  used  as  a  deoxidizer.  This  method 
also  includes  oxygen  that  may  be  combined  with  segregated  man- 
ganese or  any  other  oxide  which  may  be  present  as  an  impurity.  As 
the  Arsem  furnace  does  not  enable  us  to  distinguish  what  the  oxygen 
it  determines  is  combined  with,  I  do  not  think  it  yields  data  of  the 
slightest  value.  It  seems  to  me  that  what  the  iron  and  steel  makers 
want  to  know  is  the  condition  of  the  oxidation  of  their  bath,  quite 
irrespective  of  how  much  slag  may  be  included  in  the  metal.  In  my 
opinion,  the  Ledebur  method  is  the  only  one  that  gives  this  particular 
information,  as  it  confines  itself  to  determining,  in  the  main,  the  oxy- 
gen which  is  combined  with  iron  and  which,  I  take  it,  is  a  measure 
of  the  condition  of  the  oxidation  of  the  bath.  If  a  given  metal  con- 
tains any  considerable  quantity  of  slag  inclusion,  the  microscope  will 
give  the  information  not  only  qualitatively  but  to  some  extent  quanti- 
tatively. 

I  have  seen  reason  to  think  that  the  behavior  of  a  given  metal  in 
the  pickling  operation  depends  to  a  very  large  degree  upon  its  con- 
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ditibn  of  oxidation,  and  I  therefore  think  that  the  Ledebur  method 
givefl  the  manufacturer  better  control  of  his  product,  as  it  helps  him 
to  decide  whether  his  heat  treatment  in  the  furnace  has  been  running 
normally  and  regularly.  The  success  of  the  galvanizing  operation 
depends  very  largely  upon  the  success  of  the  pickling  operation,  and 
therefore  I  for  one  like  to  know  what  the  Ledebur  oxygens  are  run- 
ning in  normal  and  standard  practice,  whereas  the  results  of  the 
Arsem  furnace  method  T  should  not  be  able  to  interpret. 

Joseph  W.  Richards  : — What  we  want  is  both  methods.  I  think 
Mr.  Cushman  will  agree  with  me  that  the  included  slag  is  of  probably 
as  much  importance  as  the  included  iron  oxide,  when  it  comes  to 
pickling  and  other  questions,  and  we  should  know  its  amount  also. 

P.  Wbillbr,*  Perth  Amboy,  N.  J. : — In  manufacturing  steel  in 
the  open-hearth  process,  or  in  any  other,  the  steel  bath  is  covered  all 
the  way  through  by  a  layer  of  slag  containing  a  large  amount  of  iron 
and  oxide  in  solution. 

We  all  know  that  iron  oxide  is  soluble  in  metallic  iron.  It  is  ob- 
vious that  the  iron  oxide  formed  in  the  steel-making  process  will 
divide  between  the  slag  and  the  bath.  The  amount  of  oxide  in  the 
finished  steel  bath  will  be  dependent  on  the  equilibrium  between  slag 
and  steel  bath ;  that  is  to  say,  the  amount  of  oxygen  in  the  metal  will 
mostly  depend  upon  the  nature  of  the  slag. 

In  the  electric  furnace  process  this  idea  is  realized.  In  this  pro- 
cess the  reduction  is  completed  in  a  very  particular  way.  After  using 
the  ordinary  reducing  agents  in  lump  form  in  the  steel  bath  some 
finely  ground  ferro-silicon  is  thrown  on  the  surface  of  the  limy  slag. 
This  slag,  being  very  stiff,  does  not  allow  the  reducing  agent  to  reach 
the  metal  bath.  In  this  way  all  heavy  metal  oxides  in  the  slag  are 
reduced,  the  equilibrium  is  destroyed,  a  further  portion  of  oxides  is 
allowed  to  pass  from  the  metal  bath  to  the  slag  and  is  in  turn  reduced, 
and  so  on  until  all  the  oxide  is  reduced  and  the  slag  is  perfectly  white. 
In  this  way  a  nearly  perfect  reduction  can  be  obtained. 

The  amount  of  oxygen  being  dependent  on  the  equilibrium  between 
slag  and  metal  bath,  it  is  easily  understood  that  this  equilibrium  will 
be  greatly  influenced  by  the  temperature  and  by  the  composition  of 
both  metal  and  slag. 

The  only  way  to  investigate  what  is  called  the  over-oxidation  of 
steel  is  to  study  the  iron  oxide-iron  diagram  and  determine  the  equi- 
librium between  slag  and  iron  bath. 
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Messrs.  Shimer  and  Kichlinb  (commuQication  to  the  Secretary*): 
— Dr.  Cushman's  valuable  discussion  throws  additional  light  on  the 
subject  under  investigation.  It  is  gratifying  to  the  authors  to  know 
that  their  results  are  corroborated  by  the  experience  of  this  authority. 
No  doubt  the  use  of  a  preheating  tube  with  the  Kipp  generator  is  an 
excellent  precaution  in  a  general  sense.  The  authors  used  the  pre- 
heating tube  for  a  time,  and  then  discontinued  its  use  because  it  was 
found  that  the  blank  determination,  after  discarding  the  preheating 
tube,  was  not  higher  than  before.  We  obtained  0.0003  to  0.0006  g.  in- 
crease in  weight  as  a  blank,  which  was  deemed  entirely  satisfactory. 
Blanks  were  run  at  the  beginning  of  each  day's  work,  so  that  if  the 
generator  was  giving  an  impure  hydrogen  it  would  be  detected 
immediately. 

We  can  hardly  accept  Mr.  Johnson's  remark,  that  the  hot  metal, 
after  the  silicon  has  been  taken  out,  containing  about  8  per  cent  of 
carbon,  can  be  full  of  oxides,  as  they  would  immediately  be  taken  up 
by  this  carbon  at  the  high  temperature  of  the  metal  at  that  period. 
His  statement  that  the  bath  of  metal  containing  3  per  cent,  of  carbon 
was  "  full  of  oxygen  "  gives  us  no  conception  as  to  the  probable  per- 
centage he  has  in  mind.  In  the  strictest  sense  of  the  word  the  term 
"  full  of  oxygen  "  would  mean  all  that  the  bath  would  hold,  which, 
of  course,  is  correct,  but  from  our  investigation  we  have  found  it  to 
be  a  comparatively  low  figure.  When  a  Bessemer  heat  is  at  the 
point  of  3  per  cent,  carbon  there  is  quite  an  appreciable  amount  of 
manganese  present,  and  this  alone,  even  if  carbon  were  not  combin- 
ing with  the  oxygen,  is  sufficient  to  eliminate  the  oxygen  of  the  bath 
almost  instantly. 

Mr.  Hibbard  seems  to  believe  that  the  difference  in  the  forging 
qualities  between  tests  Nos.  9  and  21  is  due  to  the  slight  difference 
between  the  percentages  of  oxygen  in  them,  0.029  and  0.017  per 
cent,  respectively.  It  will  be  recalled  that  test  No.  9  contained  0.43 
per  cent,  of  carbon  and  about  0.450  per  cent,  of  phosphorus,  while 
test  No.  21  was  made  of  iron  containing  0.120  per  cent  of  phos- 
phorus. Therefore  the  reason  for  No.  9  being  red-short  and  break- 
ing in  forging  and  No.  21  forging  readily,  can  hardly  be  ascribed  to 
the  difference  in  oxygen  content,  the  main  difference  being  in  the 
phosphorus  content  of  the  two  tests.  Test  No.  8,  from  the  same  heat 
as  No.  9,  contained  0.064  per  cent,  of  oxygen  and  only  0.03  per  cent, 
of  carbon  and  forged  readily.  That  the  combination  of  high  carbon 
(0.430  per  cent.)  and  high  phosphorus  (0.450  per  cent)  in  the  above 
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test  caused  it  to  be  red-short  is  quite  evident;  the  oxygea  content 
was  only  0.029  per  cent. 

The  samples  containing  iron  phosphide  in  the  ferrite  boundaries 
were  etched  with  cupric  chloride  and  that  part  making  up  the  dark 
centers  in  the  ferrite  network  turned  black.  This,  together  with 
Stead's  teat  for  iron  phosphide  (heat  tinting),  shows  it  to  be  iron 
phosphide.  That  they  are  not  sonims  (non-metallic  impurities)  we 
are  certain,  or  they  would  have  been  discovered  on  the  polished 
surfaces  before  etching.  The  heat  showing  the  greatest  amount  of 
"  sonims "  under  the  microscope  was  Heat  ff ,  with  a  skull  in  the 
vessel,  which  was  determined  and  foand  to  contain  0.058  per  cent, 
of  slag  inclusions  (sonims),  while  the  iron  phosphide  content  of  thi& 
same  metal  runs  from  2.90  to  8.10  per  cent.  The  quantitative  esti- 
mation of  the  dark  elongated  centers  in  the  ferrite  network,  with 
the  microscope,  agrees  with  the  percentage  of  iron  phosphide  rather 
than  with  the  percentage  of  slag  inclusions,  which  is  so  strikingly 
less  in  amount.  The  oxygen  contents  in  the  tests  which  were  red- 
short  are  considerably  lower  than  those  in  the  tests  which  forged 
readily. 

"With  regard  to  the  nature  of  the  round  spots  in  the  unetched  test 
No.  9 :  as  this  was  the  only  test  containing  spots  of  this  nature,  we 
merely  called  attention  to  them  as  differing  from  the  regular  oxide 
pits.  Since  they  had  no  connection  with  the  subject  of  our  paper, 
we  spent  no  time  trying  to  learn  their  identity.  We  assumed  that 
they  probably  were  iron  phosphide  (out  of  solution),  but  we  are  not 
prepared  to  say  so  definitely  and  are  quite  willing  to  agree  with  Mr. 
Hibbard  that  they  might  be  manganese  silicate. 

We  were  not  investigating  the  physical  effect  of  oxygen  in  steel, 
but  wanted  to  learn  to  what  extent  oxygen  could  be  retained  in  the 
steel  after  every  effort  was  made  to  over-oxidize  it.  We  endeavored 
to  show,  from  our  results,  that  this  over-oxidation  is  very  difficult  and 
that  in  the  usual  process  of  making  steel  there  is  not  much  need  to 
fear  it,  because  the  oxygen  so  quickly  leaves  the  bath,  and  the 
amount  retained  by  the  steel  seems  to  be  well  within  safe  limits. 

We  are  glad  to  advise  Mr.  Griffin  that  it  has  been  our  good  for- 
tune to  find  a  sample  of  old  Bessemer  rail  steel,  made  about  20  years 
ago,  which  gave  the  following  analysis :  C,  0.600 ;  Mn,  1.07 ;  P,  0.060 ; 
S,  0.070;  Si,  0.069;  oxygen,  0.024  per  cent. 

While  the  determination  of  total  oxygen  by  the  Walker  and  Pat- 
rick methed,  suggested  as  desirable  by  Dr.  J.  W.  Richards,  would 
no  doubt  have  a  certain  interest,  we  cannot  help  thinking  that  the 
results  by  the  Ledebur-Cushman  method  give  us  much  more  nearly 
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the  exact  information  that  we  desire.  This  method,  moreover,  has 
been  in  saccessful  use  in  many  laboratories  long  enough  to  make  it 
trustworthy,  which  perhaps  is  more  than  can  at  present  be  said  of  the 
vacuum  method. 

The  statement  of  Dr.  "Weiller  that  the  slag  covering  the  steel  bath 
contains  a  large  amount  of  iron  oxide,  and  that  <<  the  amount  of  oxy- 
gen in  the  metal  will  mostly  depend  upon  the  nature  of  the  slag," 
does  not  agree  with  the  results  of  our  investigation.  We  have  had  to 
do  with  both  acid  and  basic  slags  of  both  high  and  low  content  of  iron 
oxide,  all  of  which  gave  a  low  oxygen  content  in  the  steel.  For  ex- 
ample, in  acid  Bessemer  heats,  the  usual  content  of  iron  oxide  in  the 
slag  was  from  10.50  to  11.00  per  cent.,  with  oxygen  0.080  per  cent. 
or  under  in  the  steel,  while  one  test  (No.  17),  witii  0.029  per  cent,  of 
oxygen,  was  covered  with  a  slag  of  22  per  cent,  iron  oxide.  Test 
No.  19,  with  0.088  per  cent,  of  oxygen,  had  a  slag  of  84  per  cent 
iron  oxide,  and  Test  No.  15,  with  0.017  per  cent,  of  oxygen,  had  a 
slag  consisting  almost  entirely  of  molten  iron  ore,  with  a  small  amount 
of  Bessemer  slag  which  inadvertently  ran  into  the  ladle.  As  to  basic 
open-hearth  practice,  we  have  had,  since  our  paper  has  gone  to  press, 
heats  with  slags  whose  iron  oxide  content  varied  from  10  to  25  per 
cent  (other  elements  remaining  the  same  excepting  silica),  but  the 
oxygen  content  of  the  steel  was  always  around  0.020  per  cent  This 
proves  that  the  oxide  content  of  the  slag  has  no  bearing  on  the  oxy- 
gen content  of  the  steel.  ^ 

We  have  a  private  communication  from  Sir  Robert  A.  Hadfield 
containing  the  following  paragraph  : 

"  Your  conclusions  largely  confirm  my  ow»,  that  those  statements 
in  the  past,  where  it  has  been  mentioned  that  quite  a  considerable 
percentage  of  oxygen  has  been  found  in  material,  have  been  incorrect.'* 


The  Cleaning  of  Blast-Furnace  Gas. 

Discuasion  of  the  paper  of  W.  A.  Forbes,  presented  at  the  New  York  Meeting,  October, 
1913,  and  printed  in  BulUHn  No.  82,  October,  1913,  pp.  2477  to  2514. 

Samuel  K.  Varnbs,*  Steelton,  Pa. : — We  have  a  gas-cleaning  plant 
consisting  of  a  centrifugal  dry  dust  catcher,  and  two  rain-type  wet 
scrubbing  towers,  25  by  60  ft.  each,  for  rough  cleaning  of  blast- 
furnace gas.  This  plant  was  put  in  early  in  1910,  with  the  intention 
of  cleaning  gas  for  use  in  hot-blast  stoves  and  under  boilers,  and  was 
so  used  for  several  months.  Soon  after  it  went  into  service,  the  blast- 
furnace men  complained  that  they  could  not  get  as  high  blast  tem- 
peratures as  they  had  obtained  when  using  dirty  gas.  It  was  decided 
to  run  a  series  of  careful  tests  to  determine  if  this  were  true  and  to 
what  degree  the  apparent  results  might  be  affected  by  other  conditions. 
About  60  tests  were  run,  covering  a  period  of  five  months,  and  at  the 
end  we  came  to  the  conclusion  that  it  did  not  pay  us  to  scrub  the  gas 
for  stoves  and  boilers.  The  tests  were  all  run  upon  a  single  stove, 
no  boiler  tests  being  made,  but  the  conclusions  of  the  stove  tests  being 
applied  to  the  boilers. 

The  furnace  burden  was  practically  the  same  for  all  the  tests  and 
averaged  : 

Per  Cent. 

Daquari  and  other  hard  ores. 57 

Nodules 13 

Raw  Mayari  ore 25 

Mill  cinder  and  scale '. 5 

The  raw  Mayari  is  exceedingly  fine,  and  produces  even  more  fine 
dirt  than  does  the  fine  Mesabi  ore.  The  average  results  of  these 
tests  are  here  shown : 

Wet  Scrubbed    Dry  Cleaned 
or  Clean  Gas.   or  Dirty  Gas. 

Grains  of  dust  per  cubic  foot. 0.3  2  to  3 

Moisture  in  gas,  pounds  of  water  per  pound  of  dry  gas 0.03>  0.05 

Temperature  of  gas  at  burner 100°  F.  300°  F. 

Temperature  of  stack  gas 450°  F.  500°  F. 

Temperature  increase  of  blast  in  passing  through  stove 9'i25°  F.  1,050°  F. 

The  moisture  content  of  the  clean  gas  is  seen  to  be  only  70  per  cent, 
of  that  of  the  dirty  gas,  hence  the  gas  was  partly  dried  by  wet  clean- 
ing. By  "  temperature  increase  of  blast  in  passing  through  stove  " 
is  meant  the  diff'erence  between  the  temperature  of  the  blast  on  leav- 
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ing  and  on  entering  the  stove.  The  dirty  gas  shows  125°  higher 
blast  temperature.  The  maximum  increase  of  temperature  in  case  of 
the  clean  gas  was  962°  F.,  or  less  than  the  average  of  the  dirty  gas. 
We  found  further  that  the  efficiency  of  the  stove  and  burner  as  a 
regenerator  was  higher  by  about  1  per  cent,  using  dirty  gas.  The 
values  of  these  efficiencies  are  not  absolute  but  relative  only,  having 
been  determined  by  the  heat-balance  method  after  calculating  radia- 
tion and  convection  losses  from  the  shell.  Having  determined  that 
we  got  higher  efficiencies  and  higher  blast  temperatures  with  dirty 
gas,  and  being  able  to  keep  a  stove  in  service  during  a  furnace  run 
of  three  years  without  stopping  to  clean  it,  we  could  see  no  reason 
for  continuing  to  wash  gas  for  stoves,  and  the  practice  was  accord- 
ingly abandoned  early  in  1911.  The  scrubbing  plant  is  now  used  for 
preliminary  washing  for  the  Theisen  final  washer  on  gas-engine 
service. 

A.  N.  DiEHL,  Duquesne,  Pa. : — We  have  listened  with  great  pleasure 
to  Mr.  Forbes's  interesting  paper,  which  has  outlined  the  most  promi- 
nent methods  so  far  developed  in  blast-furnace  gas  cleaning.  As  he 
has  plainly  outlined,  there  are  the  two  distinct  systems,  wet  and  dry 
cleaning,  and  also  what  are  termed  primary  and  secondary  in  the  wet 
method.  The  primary  includes  scrubbing  or  such  cleaning  as  is 
necessary  to  fit  the  gas  for  stove  and  boiler  use ;  the  secondary,  that 
which  further  wet  cleans  the  gas  sufficiently  for  engine  purposes.  In 
the  dry  system,  the  gas  may  be  cleaned  by  centrifugal  action  and  by 
filtration.  The  quantity  of  gas  issuing  from  a  blast  furnace  is  about 
150,000  cu.  ft.  per  ton  of  iron,  and  varies,  with  the  coke  consumption, 
in  combustibles,  therefore  in  thermal  capacity.  The  average  tem- 
perature of  the  gas  is  about  400°  F.,  and  it  contains  varying  quanti- 
ties of  dust,  depending  on  the  velocity  of  the  gas  passing  through  the 
stock,  the  physical  condi,tion  of  the  stock,  and  the  working  condition 
of  the  furnace.  Attempts  have  been  made  to  prevent  the  dust,  so 
mechanically  carried,  from  being  expelled  from  the  furnace  stack,  by 
such  construction  of  the  gas  flues  that  the  material  carried  up  by 
irregular  movements  of  the  furnace  will  fall  back  into  the  furnace 
instead  of  going  down  the  downcomer  flues  to  the  dust  catcher.  An 
arrangement  like  this  will  also  allow  more  air  to  be  blown  with  less 
metallic  loss,  even  under  normal  movement  of  the  stock.  With  the 
use  of  48,000  to  50,000  cu.  ft.  of  air  on  a  furnace  with  a  16-ft.  stock 
line,  the  velocity  of  the  gas  is  sufficient  to  raise  even  the  heavier  par- 
ticles on  the  surface  of  the  stock,  and  keep  them  in  a  state  of  constant 
vertical  oscillation,  making  their  expulsion  comparatively  easy  with 
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any  increase  of  velocity  due  to  slight  stock  movements,  or,  if  the  out- 
takes  are  low,  the  velocity  of  gas  may  lead  to  a  continuous  stream  of 
dust  going  over  into  the  downcomer  pipe.  It  is  often  noticeable  that 
particles  of  coke,  the  size  of  a  walnut,  are  expelled  from  the  bleeders 
without  a  gas  coloration  on  hard-blown  furnaces.  It  has  been  our 
experience,  on  a  furnace  having  four  gas  out-takes  just  above  the 
stock  line,  that  the  increase  of  2,000  cu.  ft.  of  blast  per  minute  above 
50,000  will  nearly  double  the  loss  in  flue  dust  with  no  perceptible 
change  in  the  working  condition.  This  condition  has  been  experi- 
enced during  a  number  of  attempts  to  increase  the  output  and  places 
a  restriction  on  the  quantity  of  air  permissible ;  and  furthermore,  this 
actual  experience  justifies  the  foregoing  explanation.  It  is  thus  evi- 
dent that  the  gas  carries  material  of  all  sizes,  from  the  very  finest  in 
the  normally  blown  furnace  to  large. lumps  expelled  by  slips.  The 
dust  catcher  will  serve  to  remove  the  very  coarsest  material  and  also 
that  which  is  too  heavy  for  the  gas  velocity  to  take  with  it,  unless  the 
dust  is  trapped.  It  is  very  often  the  case  that  dust  sufficiently  heavy 
to  be  deposited  under  normal  velocities  is  picked  up  and  carried  for- 
ward by  a  sudden  velocity  increase  due  to  opening  bells  or  slips. 
The  quantity  of  dust  from  a  hard-slipping  modern  furnace  to  a  nor- 
mal one  may  vary  from  500,000  lb.  or  more  to  5,000  to  10,000  lb. 
per  day,  and  it  is  evident  that  the  quantity  of  dust  per  cubic  foot  of 
gas  varies  therefore  over  a  great  range. 

There  are  three  general  types  of  primary  wet  washers :  1,  the  im- 
pinging washer ;  2,  the  mechanical  washer ;  8,  towers  or  scrubbers. 

1.  The  impinging  washer  depends  on  directing  the  gas  against  a 
surface  of  water,  the  velocity  imparted  to  the  dust  particles  being 
sufficiently  great  to  impel  them  into  the  water  while  the  gas  changes 
direction  and  goes  on.  These  systems  remove  the  heavier  material, 
but  expose  the  hot  gas  to  the  danger  of  becoming  so  moisture  laden 
as  to  cause  very  inefficient  combustion  in  subsequent  operations 
unless  the  water  be  removed  by  further  cooling. 

2.  .Mechanical  washers  are  generally  dependent  on  a  high-speed, 
motor-driven  rotor  revolving  in  a  shell  and  having  water  injected  in 
various  ways.  The  water  is  broken  up  into  a  finely  divided  condi- 
tion, and  thus  brought  in  intimate  contact  with  the  gas,  being  either 
"  beaten  "  together  or  thrown  together  by  centrifugal  force,  the  water 
and  sludge  then  flowing  away.  While  these  methods  in  many  cases 
are  successful  in  cleaning  the  gas,  yet  the  capacities  are  low  and  the 
cost  in  installation,  maintenance,  and  power  is  high. 

3.  Tower  washers  or  scrubbers  may  be  further  subdivided  as  fol- 
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lows :    (a)  Those  having  the  gas  as  the  dominating  element;  (6)  those 
having  the  water  as  the  dominating  element. 

(a)  In  the  first  type  the  water  is  introduced  at  the  top  of  the  appa- 
ratus through  nozzles  and  allowed  to  fall  by  gravity  over  baffles,  or 
wooden  grids,  or  in  the  form  of  rain.  The  gas,  rising  through  the 
tower,  comes  in  contact  with  the  descending  water  and  the  wetted 
surface  and  thus  becomes  cooled  and  cleaned.  These  scrubbers  de- 
pend on  very  low  velocity  of  gas.  If  the  velocity  head  is  sufficiently 
high  to  deflect  the  water  from  its  vertical  course,  the  gas  will  pass 
up  in  a  column  through  the  path  of  least  resistance,  and  thus  pre- 
vent intimate  contact  In  these  cases  the  velocity  of  gas  determines 
the  efficiency  of  the  scrubber.  Baffles  and  grids  have  been  success- 
fully used  for  increasing  the  efficiency,  in  different  installations,  and 
allow  a  high  gas  velocity  to  be  handled,  corresponding  to  the  num- 
ber of  obstractions.  These  baffles  in  turn  mean  less  gas-cleaning 
capacity  per  unit  and  higher  resistance,  which  lowers  the  gas  pres- 
sure accordingly.  Another  disadvantage  of  complicated  construction 
within  the  tower  is  the  tendency  of  the  dirt  to  build  up  on  any  pro- 
jection unless  large  quantities  of  water  are  used. 

(b)  Those  having  water  as  the  dominating  element  depend  on  the 
higher  pressure  and  velocity  of  the  water  to  prevent  the  gas  chan- 
neling. The  water  is  introduced  through  vertical  nozzles,  turned 
upward,  and  the  flow  intermittently  or  successively  cut  off  one  nozzle. 
When  the  flow  ceases  an  area  directly  above  that  nozzle  becomes 
quiescent  and  the  gas  is  driven  to  this  point  by  the  water  flowing  in 
the  others.  The  water  passing  through  the  nozzle  then  resumes, 
driving  the  gas  over  the  next  nozzle,  which  is  cut  off  in  turn.  This 
is  repeated  until  the  gas  is  beyond  the  range  of  the  nozzles.  The 
water  has  a  tendency,  therefore,  to  drive  the  gas  from  one  point  to 
another,  the  gas  being  sprayed  as  at  the  same  time  it  rises  in  the 
tower.  Thus  the  gas  is  being  forced  in  an  upward  spiral  path, 
being  guided  and  deflected  over  each  nozzle  by  the  velocity  and  pres- 
sure of  the  water.  Screens  are  used  over  the  nozzles  to  atomize  the 
water.  Pig.  9  in  Mr.  Forbes's  paper  shows  very  clearly  the  action 
of  this  scrubber.  The  dirty  water  carrying  away  the  dust  passes 
from  the  base  of  the  tower  by  means  of  a  siphon  arrangement. 

Clean  Gas  vs.  Dirty  Gas  on  Stoves, — In  first  grasping  the  problem  of 
cleaniug^gas,  it  must  be  determined  for  what  purposes  the  gas  will 
be  used.  If  the  gas  is  only  to  be  used  for  internal-combustion 
engines,  then  efficiency  in  primary  cleaning  may  not  be  so  necessary, 
as  the  final  cleaners  can  assume  some  of  the  work  which  should  be 
done  in  the  first  stage.     If,  on  the  other  hand,  the  gas  is  to  be  divided 
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after  the  first  stage^  part  to  stoves  and  boilers  and  part  to  the  second- 
ary cleaners,  then  the  best  efficiency  should  be  gotten  from  the 
primary  system.  As  before  mentioned,  the  average  temperature  of 
gas  from  the  top  of  the  blast  furnace  will  be  about  400*^  F.,  and  prob- 
ably 350°  at  the  stove  burners  or  scrubbers,  or  wherever  it  is  sent. 
With  Mesabi  ores  the  moisture  content  of  this  gas  will  be  about  85 
grains  of  water  per  cubic  foot  of  gas,  calculated  at  62°.  In  one  case 
the  gas  is  burned  raw,  containing  8  grains  of  dust  per  cubic  foot,  and 
in  the  other  it  is  returned  to  the  stoves  and  boilers  at  70°,  satu- 
rated with  7.98  grains  of  water  and  0.2  grain  of  dust  per  cubic  foot. 
The  thermal  table  below  will  show  the  heat  balances  in  these  cases 
and  also  where  the  gas  is  returned  from  scrubbers  to  stove  at  125°, 
saturated  in  regard  to  moisture,  as  in  the  case  of  inefficient  or 
partial  washing. 

Inspection  of  this  table  will  disclose  the  fact  that,  per  pound  of 
dry  fael  gas  consumed,  clean  gas  at  70°  F.,  moisture  saturated  at 
70°  F.,  gives  an  available  heat  of  79.51  per  cent,  products  of  com- 
bustion cooled  to  600°  F.  Raw  gas  at  400°  F.  and  85  grains  moisture 
follows  with  available  heat  of  77.08  per  cent,  products  of  combustion 
cooled  to  600°  F.  Partly  washed  and  cooled  gas  at  125°  F.,  moisture 
saturated  at  125°,  gives  an  available  heat  supply  of  74.33  per  cent, 
products  of  combustion  cooled  to  600°  F. 

From  a  calculated  thermal  standpoint,  we  conclude,  as  evidenced 
by  the  table  under  inspection,  that  washed  gas  cooled  to  70°  F.  gives 
the  largest  percentage  of  available  heat.  This  is  followed  by  hot  un- 
washed gas  under  farnace-top  conditions  carrying  85  grains  moisture. 
The  lowest  percentage  of  available  heat  is  shown  to  exist  for  washed 
gas  cooled  to  125°.  Under  conditions  of  this  table  it  may  be  inter- 
esting to  note  that  thermal  equilibrium,  raw  unwashed  gas  against 
washed  gas,  approximates  a  temperature  midway  of  70°  and  125°  F. 
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Comparison  of  Stove  Tests. 


Data. 


1  Date  of  tost 

2  Furnace  and  stove  number 

3  Size  of  store,  ft 

4  Area  of  comoustion  chamber,  sq.  ft 

5  Area  of  fines,  first  pass,  sq.  ft 

6  Area  of  fines,  second  pass,  sq.  ft. 

7  Area  of  fines,  checkers,  sq.  ft 

8  Total  heating  surface,  sq.  ft 

9  Cubic  contents,  CO.  ft 

10  Eqniyalent  of  9  in.  brick 

11  Batio  heating  surface  to  cabic  contents. 


^  s  ^ 

6/11/09 

5F,  IS 

22  by  100 

26.78 

78.26 

36.52 


fc-"  o  2  ^; 


8/19/09 
4  P.,  IS 
21  by  96 
28.47 


iVeMures. 


12  GhLS  in  main,  in.  water 

13  Gas  in  burner,  in.  water 

14  Pitot  tube,  in.  water 

15  Draft  at  chimney  valve,  in.  water. 

16  Blast  pressure,  pounds 

17  Barometer,  in.  mercury , 


TemperaJbires, 


18  Furnace  gas  at  burners,  °  F. 

19  Atmosphere,  *  F 

20  Cold  blast,  °F 

21  Hot  blast— maximum,  <*F... 

22  Hot  blastr— minimum,  "^  F... 

28  Hot  blast— average,  ^F 

24  Chimney — ^maximum,  °F... 


^  Chimney — minimum,  ®F. 

26  Chimney — average,  °F 

27  Engine  room— dry  bulb,  °  F. 

28  Engine  room— wet  bulb,  ""  F. 


Ihiraiion, 


29  Stoves  on  gas,  minutes... 

30  Stoves  on  blast,  minutes. 


49,866 

20,831 

360,000 

2.39 


1.50 
0.82 
0.122 
0.41 
16.1 
29.32 


86.6 

72.5 

162.8 

1,600 

1,360 

1,462 

720 

565 

670 

89.6 

72.6 


179.0 
60.0 


Oca. 

31  Heat  per  cu.  ft.  at  62°  F.,  B.tu 

32  Total  gas  at  tempt,  and  press,  at  burner,  cu.  ft 

33  Total  gas  at  62°  F.  and  30  in.  mercury,  cu.  ft 

34  Ghis  per  min.  at  tempt,  and  press,  at  burner,  cu.  ft. 
36  Gas  per  n^in.  at  62^  F.  and  30  in.  mercury 

36  Analysis  of  gas  by  vol. — carbon  dioxide,  per  cent... 

carbon  monoxide,  per  cent. 

methane,  percent 

hydrogen,  per  cent 

nitogen,  per  cent 

37  Moisture  per  cu.  ft  of  gas,  grains 

38  Analysis  of  chimney  gas — carbon  dioxide,  per  cent 

Oxygen,  percent... 

carbon  monoxide,  p.  cent, 
nitrogen,  per  cent 

39  Air  excess  coefficient 


77.91 

39,220 

17,974 

136,560 

2.18 


1.60 
0.54 
0.066 
0.60 
16.4 
29.17 


88.9 

74.0 

191.7 

1,310 

970 

1,076 

680 

485 

612 

96.0 

79.0 


198.75 
64.0 


106.8 

94.3 

867,076 

693,439 

810,333 

631,963 

4,844 

6,659 

4,527 

3,489 

15.90 

13.06 

25.00 

25.78 

1.20 

0.00 

4.20 

3.69 

63.70 

57.47 

13.53 

14.79 

24.39 

21.50 

1.18 

2.90 

0.12 

0.80 

74.31 

76.00 

1.20 

1.08 

s§3 


S127I09 
2  F.,  3  S 
21  by  96 
28.27 


77.91 

39,220 

17,974 

135,660 

2.18 


8.00 

3.77 

0.1086 

1.66 
16.96 
29.36 


300.2 
96.6 

227.0 
1,426 

l;000 

1,148 

930 

600 

813 

102.0 

87.0 


148.76 
60.5 


99.4 
821,669 
679,827 
6,766 

3,898 
12.40 
26.40 

0.00 

5.80 
56.40 
20.69 
22.70 

0.00 

0.60 
76,70 
—0.993 
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Comparison  of  Stove  Teats. — \_Continiied,'\ 


ill" 


Data. 


BUut 

40  Air  blown  per  min.  at  eoff.  room  temp.,  cu.  ft. 

41  Grains  moisture  per  cu.  ft 

42  Air  blown  per  mm.  at  62^  F.,  cu.  ft 

43  Total  dry  air  blown,  poands 

44  Total  moisture  blown,  pounds 


I 


i€ 


Heat. 


38,518 

6.42 

35,742 

163,836 

2,124 


44,460 

8.66 

40,580 

172,959 

3,170 


42,671 

8.48 

38,780 

144,993 

2,613 


45  Total  heat  absorbed,  B.tu, 62,766,822  37,665,082  32,834,652 

46  ToUl  heat  expended,  B.tu ,  65,733,124  58,404,422  57,364,804 


47  Efficiency,  per  cent, 

WwHng  OondvHons. 

48  Time  stove  in  service  since  last  cleaned,  mos-das..... 

49  Burner  opening,  inches, 


62.24 


64.40 


56.97 


50  Cleaning  door,  inches 

51  Blow  off  valve  open,  turns..... 

52  Piston  displacement,  per  cent 


Heat  Balance, 

53  Heat  absorbed  by  blast,  per  cent 

54  Heat  lost  in  flue  gases,  per  cent 

55  Heat  lost  due  to  incomplete  combustion,  per  cent ... 

56  Heat  lost  hydrogen,  per  cent 

57  Heat  lost  by  moisture  in  fuel  gas,  per  cent 

58  Kadiation,  unaccounted  for,  etc.,  percent 

59  Efficiency  of  burner,  percent 

60  True  thermal  efficiency,  percent 


2-29 

7-19 

1-14 

0          ' 

FulL 

5 

0 

3 

3 

4 

0 

0 

92.50 

91.27 

90.88 

62.24 

64.48 

56.97 

17.40 

19.28 

24.95 

0.53 

4.52 

185 

3.48 

2.36 

3.36 

0.45  j 

0.58 

1.48 

15.90 

6.78 

10.39 

99.47  1 

95.48 

97.15 

62.57  , 

67.53 

58.64. 

l^OTB.— Item  No.  60,  54/60. 
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The  data  tabulated  below  form  the  basis  for  the  comparative  table 
following,  and  are  averages  of  our  condition  during  1909.  The  re- 
ports of  boiler  and  stove  tests  are  records  made  within  a  year.  No 
assumptions  have  been  made  unless  noted. 

Average  tonnage  basic  iron  per  day 443  tons. 

Coke  i«Br  ton  iron 2,256  lb. 

Limestone  per  ton  iron 1,118  IbJ 

Wind  blown  per  lb.  coke 60.82 

Gas  per  ton  iron 12,0001b. 

Gas  at  62°  per  ton  iron 156,000  cu.  ft 

Gas  at  62°  used  at  stoves,  per  minute. 4,170 

Gas  at  62°  used  at  boUers. 33,010 

Heat  per  en.  ft  furnace  gas  at  62° 93.9  B.t.u. 

Average  efficiencj  stoves  on  rough  gas ^  56  percent 

Average  efficiencj  stoves  on  clean  gas. 64 

Average  efficiencj  boilers  on  rough  gas 56 

Average  efficiencj  boilers  on  clean  gas 62 

Force  required  to  dean  stoves  per  furnace 2 

Wages  for  same $8.91 

Force  required  to  clean  boilers  per  turn 1  per  turn. 

Wages  for  same $2.04 

Force  required  at  scrubbers. 1  per  turn. 

Wages  for  same $2.50 

Heat  Value  of  Coke  at  Tuyeres. 

4,450  X  0.8411  =  3,743  B.tu.   Heat  available  per  pound  coke  burned  to  00 

at  tujeres.  (Average  carbon  in  coke  during 
1909.) 

3,743  X  0.84     =  3,144  B.t  u.   Equivalent  in  coke  of  heat  increment  in  hot 

blast   (Percentagejcoke  burned  at  tujeres.) 

Average  Weight  Blast  per  Ion  Iron, 

7  grains  moisture.     Average  engine  room  temperature,  90°. 

7.000  -r  7000  =  0.001000  Weight  moisture  per  cu.  ft  air. 

0.00100  X  26.36  =  0.02633    Volume  moisture  per  ca.  ft.  (uncorrected). 

0.02636  X  --  "^  ^-  ==  0.02157  Actual  volume  moisture. 

459  -f-  212 

0.0761    X  ^?-i-^  =  0.07222  Weight  drj  air  per  cu.  ft  at  90°  F. 
459  +  90  »         /         r- 

0.0761    X  0.0784        =  0.07066  Weight  drj  air  actuallj  present 

0.00100  Weight  moisture  actuallj  present. 

0.07166  Weight  air  blown  per  cu.  ft  at  62°  F. 

2,256  X      60.82  =  137,164  cu.  ft  air  blown  per  ton  iron. 

137,164X0.07166  t=      9,829  Weight  moisture  air  blown. 

9,829X0.98605  =      9,692  lb.  drj  air  blown  per  ton  iron. 

9,829  X  0.01395  =         137  lb.  moisture  blown  per  ton  iron. 
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Heat  m  Blast  per  Ton  Iron  per  1°  -F. 

9,692  X  0.2375  X  1  =  2,303  B.t.a.     Heat  in  dry  air. 
137  X     0.48  X  1  =      66  B.tu.    Heat  in  moisture. 


2,368  B.tu.    Total  heat  moistnre  and  air. 

Cubic  Feet  Gas  per  Ton  Iron — Distribution — Heat, 

Average  AncUyns  Fwnaoe  Cfaa —  Unwoiked. 

00,  =  13.06  X  0.1227    =0.016026  19.70 

00  =  26.78  X  0.0781    =  0.020133  24.74 

H,  =    3.69  X  0.00569  =  0.000206  0.25 

N,   =57.47X0.0783    =0.044909  66.31 

0.081363 

0.1970  X  /311  =  0.06372  Weight  G.  in  00,  per  pound  furnace  gas. 
0.2474  X  3/7    =  0.10603  Weight  a  in  00  per  pound  furnace  gas. 


0. 15975  Weight  0.  per  pound  furnace  gas. 


2,256  Ooke  per  ton  iron. 
15  Loss  in  flue  dust. 


2,241  X  0.8411  =  1,884.9  pounds  G.  charged  in  coke. 
1,117  X  0.0975  =     198.9  pounds  0.  charged  in  limestone. 

1,993.8  pounds  0.  charged. 
86.4  pounds  0.  in  iron. 

1,907.4  pounds'G.  in  gas. 

1,907.4  H-  0.15975    =   11,940  pounds  gas  per  ton  iron. 
11,940     -^  0.081363  =  146,750  cu.  ft  gas  per  ton  iron  at  32°  F. 

146,760     X  —  =  155,702  cu.  ft.  gas  per  ton  iron  at  62°  F. 

491 

156,000     X  0.95         =  148,000  cu.  ft  gas  available  per  ton  iron  allowing 

for  0.5  per  cent  leakage. 
148,000     X  0.275        =    40,700  cu.  ft  gas  aTailable  at  stoves  per  ton  iron. 
148,000     X  0.725        =  107,300  cu.  ft.  gas  available  at  boilers  per  ton  iron. 

443 
40,700    X  J44Q  =    12,520  cu.  ft  gas  available  at  stoves  per  miDute. 

443 
107  300    X  -A  =    33,010  cu.  ft  gas  available  at  boilers. 

*  1440 

0.2474  X    4,325       =     1,069.9 
0.0025  _'X  62,032       =         155.1 

1,226.0  B.tu.  heat  per  pound  furnace  gas. 
1,225  X0.081363  X  f^^'  =  ^39  B.tu.  per  cu.  ft.  gas  at  62°  F. 
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B.t.u.  Saved  by  Use  of  Gleaning  Gas,  per  Ton. 

B.t.u. 

Higher  heat 233,623 

Gleaning  stove 35,318 

aeaningwell 12,738 

Total 281,679 

•    281,679  -  3144     =  85  lb.  coke. 
86X0.0606=    6.2  silica. 

5.2  X  1.4        =  7.3  lime. 

7.3  -f  0.469     =  15.6  lb.  limestone. 

Cost  of  Limestone. 

Ij^e  X  1J03  _  ^0  0072 
2,240 

Increased  Production. 

2,256  X  60.82      x  443  =  60,783,995  cu.  ft. 
2,171  X  60.82  =       132,101  cu.  ft. 

60,783,995  -f  132,101  =  460  tons. 

460  -443  =         1.0384  ~  3.84  increased  yield. 

1.356  X  0.0384  =       $0.0521  savings  by  increased  production 

on  cost  above. 

Gas  Lost  at  Boilers. 

85  X  0.8411  =  71  C.  lost  to  gas. 

71  -f-  1,907  =  3.72  decrease  in  amoant  gas  made 

on  clean  gas. 
148,000  X  0.9628  =       142,500  cu.  ft  gas  available  per  ton  Fe. 

Fee.  on  clean  gas. 
142,500  —  39.500  =        103,000  cu.  ft.  gas  available  per  ton  Fe  at 

boilers. 
107,300  —  103,000  =  4,300  cu.  ft.  gas  lost  to  boilers  per  ton 

iron. 

Summary. 

On  better  work  on  stoves $0.0998 

Saving  in  limestone 0.0072 

Saving  on  increased  production 0.0521 

Total  Saving  per  Ton  Iron $0.1591 

It  is  shown  in  the  foregoing  paragraphs  that  a  considerable  saving 
is  affected  through  washing  gas  for  stoves,  i.  e.,  $0.1591,  due  principally 
to  increased  efficiency,  capacity  of  heating  available,  and  labor.  The 
calculated  figure  of  130°  difference*  in  hot  blast  checks  with  the 
average  temperature  of  our  hot  blast  during  the  first  eight  months  of 
this  year.  Nos.  1  and  2  Furnaces  are. on  dirty  gas  and  Nos.  3  and  4 
on  clean  gas.  All  these  stoves  are  practically  the  same,  and  the 
actual  difference  in  temperature  over  this  period  is  129*^  in  favor  of 
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the  cleaa-gaa  stoves.  The  boiler  savings,  which  time  prevents  going 
into,  will  by  similar  deductions  amount  to  a  net  saving  of  $0.0848, 
due  to  less  cleaning  and  greater  efficiency.  The  difference  in  boiler 
eflficiency  is  6  per  cent. 

Gas  cleaning  brings  up  a  number  of  very  interesting  developments 
and  each  one  requires  a  careful  study.  We  have  only  touched  on 
the  most  important  ones  from  the  standpoint  of  the  actual  operation. 
Our  tests  have  been  carried  out  with  extreme  accuracy  and  represent 
average  conditions.  Installation  of  gas  cleaning,  like  most  other 
improvements,  depends  on  local  conditions  and  is  just  another  prob- 
lem to  be  solved.  It  is  hoped  that  the  data  submitted  may  be  of 
some  assistance  to  the  engineer  who  is  wrestling  with  the  subject. 

I  might  say  that,  in  our  boiler  practice,  we  gain  an  increased 
efficiency  of  about  8  per  cent.,  but  there  is  not  the  saving  in  the 
boilers  that  there  is  in  the  stoves.  It  is,  in  fact,  doubtful  whether 
a  saving  is  made  in  the  boilers,  but  we  do  think  we  make  some 
saving.     At  all  events,  it  is  a  far  nicer  plant  to  handle. 

Frederick  H.  Wagner,*  Baltimore,  Md.  (communication  to  the 
Secretary t) : — The  paper  presented  by  Mr.  Forbes  deals  with  the 
subject  of  Blast-Furnace  Gas  Cleaning  in  a  very  comprehensive  man- 
ner, and  depicts  the  various  apparatus  used  for  this  purpose;  but 
I  regret  that  no  data  on  the  relative  cost  of  cleaning  this  gas  at 
the  various  plants  have  been  given,  especially  as  in  this  country  the 
same  practice  is  almost  universal,  viz. :  the  use  of  (a)  dry  dust  cleaners, 
(b)  static  washers,  and  (c)  Theisen  washers. 

As  the  various  plants  are  of  practically  the  same  design,  using 
apparatus  of  the  same  character  but  with  some  structural  modifica- 
tions, it  might  be  assumed  that  the  costs  of  cleaning  the  gas  would 
necessarily  approximate  each  other  in  all  instances;  but  this  is  not 
the  case,  and  difEerences  amounting  to  from  one  and  a  half  to  four 
times  the  minimum  cost  of  14  c.  per  100,000  cu.  ft.  can  be  pointed  out. 

These  differences  are  due  to  the  variation  in  water  used  in  the 
same  character  of  apparatus,  as  well  as  to  the  difference  in  power 
consumed,  and  in  some  instances  the  cost  of  labor  is  in  excess  of 
what  it  should  be,  due  to  the  location  and  design  of  the  apparatus. 

You  are  all  familiar  with  these  conditions,  and  it  would  be  use- 
less to  waste  your  time  by  adding  to  the  above  statement,  my  present 
object  being  to  call  to  your  attention  two  systems  which  are  being 
employed  in   Europe  at  present,  and  to  point  out   the  differences 

*  Non-member. 
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between  the  two,  as  well  as  some  discrepancies  which  have  been 
published  regarding  one  of  them.  I  refer  to  the  Feld  plant  at  Pom- 
pey,  France,  and  the  Schwarz-Bayer  plant  at  Donawitz,  Germany. 

Both  the  Feld  and  the  Schwarz-Bayer  washers,  or  disintegrators, 
have  been  described  in  Mr.  Forbes's  paper,  but  I  desire  first  to  call 
attention  to  the  structural  differences  in  these  two  machines,  and 
which  differences  lead  to  an  excess  in  power  consumption  in  one 
machine  over  the  other.  You  will  note  that  in  the  Schwarz  washer 
the  water  is  disintegrated  by  the  action  of  the  horizontal  rods 
attached  to  the  disks  revolving  in  opposite  directions,  and  the  paddle 
wheel  on  a  boat  is  an  exaggerated  example  of  the  action  of  these 
disintegrating  rods ;  due  to  the  resistance  of  the  water  to  the  blades 
of  the  paddle  wheel,  the  boat  is  propelled,  and  the  power  consumed 
is  in  proportion  to  this  resistance.  If  the  disintegrating  rods  were 
made  infinitesimally  small  there  would  be  practically  no  resistance? 
and  no  power  consumption,  but  then  the  water  would  not  be  dis- 
integrated^ or  pulverized. 

This  also  holds  good  for  the  new  Theisen  washer,  which  also  employs 
these  atomizing  rods.  The  confined  action  of  these  machines,  and 
the  incompressibility  of  the  injected  water,  also  add  to  the  power 
consumed,  this  action  causing  a  loss  in  gas  pressure  during  the  pas- 
sage of  the  gas  through  the  washer,  this  loss  in  pressure  being 
dependent  upon  the  quantity  of  water  injected.  If  gas  is  to  be  de- 
livered at  a  certain  fixed  pressure,  and  a  considerable  portion  of  the 
original  pressure  is  dissipated  in  passing  through  the  apparatus,  this 
loss  must  be  made  good  by  means  of  a  fan,  an  additional  power  re- 
quirement over  that  which  would  be  normal  without  the  above 
pressure  loss. 

In  the  Feld  washer  the  action  is  entirely  different,  and  its  design 
has  been  based  upon  the  result  to  be  achieved  while  pursuing  the 
path  of  least  resistance.  The  rapid  revolution  of  the  vertical  shaft 
(100  rev.  per  minute  for  the  largest  size)  causes  a  film  of  water  to 
mount  the  inner  surface  of  the  cones  and  to  leave  them  through  the 
perforations  at  the  top  in  a  finely  pulverized  or  atomized  state,  the 
only  resistance  therefore  being  that  offered  by  lifting  the  weight  of 
the  water  up  the  cone,  plus  the  friction  in  the  single,  specially  de- 
signed roller  bearing  at  the  top,  from  which  the  entire  weight  is 
suspended;  the  maximum  back  pressure  thrown  by  this  washer  is 
only  2  in.  of  water. 

As  a  power-consuming  machine  the  Feld  washer  is  therefore  of  a 
superior  design,  because  the  moving  parts  of  the  Feld  washer  offer 
less  resistance  to  the  prime  mover,  and  the  effort  to  pulverize  the 
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water  is  minimized ;  as  an  example  it  may  be  mentioned  that  a  Feld 
washer  of  a  capacity  to  cool  and  primarily  wash  from  82,000  to 
85,000  cu.  ft.  of  gas  per  minute  only  requires  20  h.p.  for  its  opera- 
tion as  against  115  h.p.  for  a  standard  Thiesen.  I  am  unable  to  give 
the  power  for  the  Schwarz  washer  alone,  as  my  data  are  for  the  total 
power  used,  including  the  fan,  as  explained  below. 

As  a  thermal  machine  some  apparatus  are  superior  to  others,  and 
the  one  which  can  bring  the  gas  into  the  most  intimate  contact  with 
fine  sprays  of  water  will  reduce  the  total  temperature,  by  condensing 
the  water  vapor  carried  in  the  gas,  in  the  most  efficient  manner,  and 
without  any  waste. 

As  explained  by  Mr.  Forbes,  the  Feld  primary  washer  is  a  com- 
bined washer  and  condenser,  the  lower  portion  being  the  active  dust 
extractor  and  the  upper  portion  the  condenser,  the  hot  water  from 
the  latter  being  the  best  dust  remover ;  there  the  Feld  washer,  as  a 
primary  cleaner,  can  take  the  gas  at  any  top  temperature,  the  number 
of  cooling  chambers  being  arranged  accordingly.  It  is  a  well-known 
fact  that  to  properly  remove  dust  from  gas  the  entire  dust  particle 
must  be  thoroughly  wetted,  and  as  it  ascends  and  meets  the  heavier 
water^  particles,  it  becomes  weighted  and  falls  to  the  bottom ;  this  is 
the  action  in  the  Feld  washer,  where  the  gas  enters  at  the  bottom 
and  leaves  at  the  top,  the  water  taking  the  counter  direction. 

The  water  vapor  in  the  gas  requires  a  certain  amount  of  cold 
water  for  its  condensation,  and  in  spite  of  some  statements  made 
regarding  the  low  water  consumption  of  certain  apparatus,  it  is  a 
physical  impossibility  that  this  water  vapor  will  be  condensed  with 
less  cooling  water  than  the  thermal  conditions  require,  and  this  theo- 
retical figure  will  even  be  slightly  exceeded  in  practice ;  the  following 
case  is  given  as  an  example  of  the  theoretical  quantity  of  water  re- 
quired for  condensing  or  cooling  purposes. 

It  is  desired  to  reduce  the  temperature  of  the  gas  from  500^  F.  to 
86°  F.,  or  from  260°  C.  to  80°  C,  the  dew  point  of  the  gas  being  at 
52°  C.  with  120  g.  of  water  vapor  content  per  cubic  meter  (46.5  grains 
per  cubic  foot).  The  heat  value  at  52°  C.  is  95.5  calories  per  cubic 
meter,  and  the  heat  capacity  of  the  water-saturated  gas  at  52°  C. 
amounts  to  0.389  calorie  per  cubic  meter. 

At  260°  C.  the  heat  value  will  therefore  be  95.5  +  0.389  (260  — 
52)  =  176.5  calories,  or,  a  gas  having  a  dew  point  of  52°  C,  due  to 
its  water  content  of  120  g.  per  cubic  meter,  and  which  gas  is  super- 
heated to  260°  C,  possesses  a  total  heat  value  of  176.5  calories  re- 
ferred to  water  content. 

When  the  gas  is  brought  into  contact  with  the  water  in  a  Feld 
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washer  it  passes  from  a  superheated  into  a  saturated  condition ;  the 
heat  required  for  superheating  is  transformed  into  latent  heat  by  the 
evaporation  of  water,  and  the  total  heat  of  176.5  calories  per  cubic 
meter  in  a  saturated  condition  corresponds  to  a  temperature  of  about 
63°  C. ;  or  upon  entering  the  washer,  the  superheated  gas  is  brought 
into  such  intimate  contact  with  the  water  that  the  temp'eratare  is 
reduced  from  260°  C.  to  63°  C,  during  which  period  the  gas  passes 
into  a  water-saturated  condition.  ; 

The  amount  of  cooling  water  required  to  reduce  the  temperature 
of  the  gas  from  260°  C.  to  80°  C.  is  determined  from  the  total 
heat  in  the  gas ;  as  seen  above,  the  total  heat  in  the  gas  at  260°  C. 
amounts  to  176.5  calories  per  cubic  meter,  and  at  30°  C.  the  total 
heat  in  the  cooled  gas  is  3). 12  calories  per  cubic  meter,  and  this 
difference  of  176.5  —  31.12  =  145.38  calories  must  therefore  be 
absorbed. 

Assuming  that  the  cooling  water  has  a  temperature  of  20°  C.  (68^ 

F.),  and  that  the  water  is  heated  in  the  cooling  chambers  of  the 

washer  to  55°  C.  (131°  F.),  1  liter  of  water  would  absorb  55  —  20 

146.38 
=  35  calories,  and  for  145.38  calories  there  would  be  required 

=  4.15  liters  per  cubic  meter  of  gas,  or  in  the  case  of  a  blast  furnace 
producing  2,700,000  cu.  ft.  of  gas  per  hour  (76,500  cu.  m.),  the  amount 
of  water  used  would  be  76,500  X  4.15  =  317,475  liters  per  hour,  or 
31  gal.  per  1,000  cu.  ft.  No  additional  water  is  required  for  washing 
the  gas  for  stove  or  boiler  use,  as  the  hot  water  from  the  upper  cham- 
bers is  used  for  this  purpose. 

A  statement  has  been  published  to  the  effect  that  the  Schwarz- 
Bayer  system  at  Donawitz  used  only  0.56  to  0.75  liter  of  water  per 
cubic  meter  of  gas,  a  physical  impossibility  if  the  gas  contained  any 
water  vapor,  and  it  is  hard  to  imagine  any  condition  in  which  this 
would  not  be  true.  The  statement  made  no  mention  of  water  vapor 
content,  but  as  the  Feld  plant  at  Pompey  is  of  practically  the  same 
capacity  as  the  Schwarz-Bayer  at  Donawitz,  it  is  interesting  to  note 
the  following  comparison  :       , 


Item.  DonawiU. 


Gas  per  hour 45,000  cu.  m.  41,700  co.  m. 

Gas  inlet  temperature 130°  to  200**  C.  150°  C. 

Gas  outlet  temperature 39°  to    42°  C.  25°  C. 

Temperature  difference j       91°  to  158°  C  125°  C 

Water  in  raw  gas 120  gr.  per  cu.  m. 

Water  in  cleaned  gas j  2.8  gr.  per  cu.  m. 

Water  used  per  cubic  meter 0.56  to  0.75  liter  |         3.62  Uters. 

Power  consumed 124tol28h.p.  55  to  60  h. p. 


Pompey. 


THE    CLEANING    OF    BLAST-FURNACE   GAS.  2971 

This  shows  that  only  ahout  one-sixth  of  the  water  used  at  Pompey 
was  claimed  at  Donawitz.  In  passing  upon  this  statement,  the  Editor 
of  Stahl  und  Msen^  April  17,  1918,  remarks  that  the  low  power  con- 
sumption at  Donawitz  was  probably  due  to  the  low  dust  content  in 
the  raw  gas  (1.8  to  2  g.  per  cubic  meter),  and  therefore  states  that  to 
his  knowledge  in  other  works  where  the  dust  content  was  higher, 
the  power  consumption  was  also  higher.  The  dust  content  at  the 
Pompey  works,  where  the  Feld  washer  is  used,  is  from  8  to  5  g.  per 
cubic  meter,  and  the  lower  power  consumption  at  Pompey  arises 
from  the  greater  mechanical  efficiency  of  the  Feld  washer  as  com- 
pared with  disintegrators  of  the  Schwarz  or  later  Theisen  type.  Be- 
sides this,  the  statement  from  Donawitz  does  not  separate  the  power 
required  for  washer  and  fan,  but  assuming  that  the  same  fan  power 
was  consumed  in^  both  plants,  viz.,  85  h.p.,  the  Feld  power  would 
have  used  20  to  25  h.p.  as  against  89  to  98  h.p.  for  the  Schwarz- 
Bayer. 

Referring  again  to  the  small  amount  of  cooling  water  used  at 
Donawitz,  it  must  be  assumed  that  a  considerable  amount  of  this 
injection  water  was  vaporized,  thus  increasing  instead  of  decreasing 
the  water  burden  in  the  gas,  and  that  to  properly  condense  this 
vapAr  more  water  must  necessarily  be  injected ;  this  necessarily 
larger  amount  of  cooling  water  requires  a  correspondingly  higher 
power  consumption,  and  only  after  the  gas  has  been  cooled  below 
the  dew  point  will  it  be  possible  to  clean  the  gas  with  this  small 
quantity  of  water.  This  is  proved  at  Pompey,  where  three-quarters 
of  the  cooling  water  is  drawn  off  from  the  Feld  washer  at  the  bottom 
of  the  cooling  chambers  (this  water  can  be  sent  to  a  reservoir,  cooled, 
and  used  over  again)  and  only  one-fourth  of  the  8.62  liters,  or  0.9 
liter,  is  used  to  clean  the  gas.  The  entire  object  of  the  cooler  is  to 
extract  the  water  vapor  from  the  gas,  and  not  to  increase  its  water 
content  as  must  have  been  the  case  at  Donawitz. 

Fig.  27  shows  the  general  arrangement  of  a  Feld  primary  washing 
plant,  and  follows  very  closely  the  plant  now  being  operated  at  Pom- 
pey ;  the  plant  shown  in  the  diagram  consists  of 

-4,  Inlet  main  from  dry  dust  catcher. 
By  Hydrtolic  dip  for  main. 

C,  Feld  washer. 

D,  Exhauster  or  fan. 
JEy  Outlet  main. 

jP,  Hydraulic  dip  for  main. 

Sy  Settling  tanks. 

J,  Mud  draw-off  tanks. 
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Fio.  27.— Bi.A9r-P[iiuiAcE  Ou-WASHnra  Pi^ht,  Fbld  Ststzm. 
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The  method  of  operation  is  as  follows :  The  gas  from  the  dry  dust 
catcher  is  conducted  through  main  A  to  the  bottom  of  the  washers ; 
this  main  is  open  at  the  bottom,  the  lower  edges  dipping  into  the 
hydraulic  seal  at  B.  Any  dust  deposited  by  friction  in  this  main  is 
dropped  into  the  water  and  thus  carried  to  the  settling  basins ;  the 
hydraulic  head  causing  the  heavier  liquid  to  syphon  out  of  B  into 
the  mud  trough.  This  hydraulic  feature  also  provides  a  safety 
valve  against  any  possible  explosion  in  the  furnace,  as  an  explosion 
can  only  blow  the  water  seal  and  thus  find  relief.  The  gas  passes 
upward  through  the  Feld  washer  C,  being  cleaned  in  the  lower  sec- 
tions and  cooled  in  the  upper  sections.  The  exhauster,  or  fan,  2), 
moves  the  primarily  cleaned  gas  on  through  the  main  -E,  from 
whence  it  is  conducted  to  the  stoves  and  boilers.  If  a  final  treat- 
ment of  the  gas  for  engine  purposes  is  desired,  an  additional  washer 
is  placed  behind  main  Ey  and  a  proportionate  part  of  the  gas  sent 
through  it,  the  primary  washer  taking  the  place  of  the  usual  towers, 
Zschocke,  Steinbardt,  Duquesne,  etc.,  and  the  final  washer  replacing 
the  usual  Theisen.  The  mud-bearing  water  is  conducted  by  means 
of  open  troughs  to  the  settling  basin  -H,  where  the  mud  is  allowed  to 
settle  to  the  bottom,  the  clear  water  being  drawn  off  at  the  top  and 
used  again.  The  hydraulic  pressure  of  the  water  column  in  the 
basin  forces  the  concentrated  mud  from  the  bottom  of  the  tank  up 
through  the  goosenecks  which  deposit  the  mud  in  the  draw-off  tank 
J",  and  finally  by  gates  into  cars  or  other  means  of  conveyance  for 
final  deposit. 

Fig.  27  shows  the  washers  elevated  and  in  a  semi-inclosed  building, 
a  water-supply  tank  forming  the  roof,  this  construction  at  Pompey  ' 
being  due  to  local  conditions.  It  is  not  necessary  to  house  the 
apparatus,  only  a  covering  for  the  motors  being  required.  The  plant 
shown  in  Fig.  28  is  designed  to  treat  the  gases  from  two  blast 
furnaces,  or  5,400,000  cu.  ft.  of  gas  per  hour,  and  is  intended  to  give 
this  entire  amount  of  final  cleaning  for  engine  purposes,  hence  the 
two  final  washers. 

The  arrangement  of  the  plant  permits  of  easy  supervision  and  pro- 
vides a  continuous  operating  system,  as  no  periodical  shutdown  per- 
iods for  cleaning  are  required;  one  plant  has  been  in  continuous 
operation  for  36  months  without  any  shutdown  for  repairs  or  clean- 
ing, operating  24  hr.  per  day. 

The  estimated  cost  of  cleaning  5,400,000  cu.  ft.  of  blast-furnace  gas 
per  hour  for  gas-engine  purposes,  with  water  at  $10  per  million  gal- 
lons and  power  at  1  c.  per  kilowatt-hour,  less  labor,  would  be  about 
6  c.  per  100,000  cu.  ft. ;  the  labor  is  a  minimum,  as  the  only  attention 
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the  apparatus  requires  is  proper  lubrication,  all  dust  being  carried 
away  by  water. 

This  entire  plant,  Fig.  28,  consisting  of  three  primary  and  two 
secondary  or  final  washers,  motors,  fans,  hydraulic  valves,  and  pipe 
connections  as  indicated,  capable  of  completely  cleaning  5,400,000 
cu.  ft  of  gas  per  hour,  would  cost  about  ^100,000,  or  about  f  92,000 
without  hydraulic  mains,  using  closed  pipe,  erected  upon  purchsers' 
foundations,  and  the  ground  space  occupied  is  only  100  by  47  ft.  as 
compared  with  a  Schwarz-Bayer  plant  of  the  same  capacity  at  147  by 
55  ft. 

I  would  also  state  that  Feld  washers  on  dust  extraction  having  a 
total  capacity  of  355,400,000  cu.  ft.  of  gas  per  day  are  now  in  opera- 
tion in  Europe,  with  the  result  that  the  final  cleaning  of  the  gas 
leaves  only  0.008  grain  of  dust  per  cubic  foot,  so  that  this  system 
can  no  longer  be  considered  as  an  experiment ;  in  this  connection  I 
would  refer  to  the  statement  made  by  B.  W.  Head*  before  the  West 
of  Scotland  Iron  and  Steel  Institute.  Mr.  Head  had  visited  the 
European  continent  for  the  purpose  of  examining  blast-furnace  con- 
ditions; upon  his  return  he  called  attention  to  the  failure  of  the 
Scottish  steel  manufacturer  to  take  advantage  of  the  improved  methods 
adopted  in  Germany,  Belgium,  and  France,  and  was  particular  to  lay 
stress  upon  the  subject  of  gas  washing  for  engine  purposes,  pointing 
out  the  difference  in  the  methods  practiced  in  the  British  Isles  and 
those  used  on  the  Continent,  mentioning  especially  the  Feld  vertical, 
centrifugal  washer  for  this  purpose. 

The  Feld  washer  embodies  the  following  six  principles  in  one  ma- 
chine, and  which  principles  are  universally  acknowledged  as  necessary 
to  completely  separate  dust  from  a  gas : 

1.  Cooling. — The  hot  gas  upon  entering  the  washer  is  intimately 
mixed  with  sufficient  water  to  lower  the  temperature  to  the  desired 
point,  thus  altering  its  volume,  density,  and  vapor  tension,  producing 
a  dew  point  which  precipitates  the  moisture  held  in  suspension. 

2.  Impinging. — The  gas,  upon  entering  the  washer,  impinges  upon 
the  water  spray,  which  in  turn  throws  it  upon  the  sides  of  the  washer, 
from  whence  it  impinges  upon  the  bottom  plate  of  the  next  chamber. 

3.  Centrifugal  Action. — The  gas  is  subjected  to  centrifugal  action  in 
that  when  it  comes  in  contact  with  the  water  thrown  out  by  the  re- 
volving cones  it  is  whirled  about  in  each  washing  chamber,  because 
the  water  leaves  the  cones  on  a  tangent  and  carries  the  gas  with  it; 
this  centrifugal  action  can  best  be  estimated  when  it  is  stated  that 

*  Journal  of  West  of  ScoUcmd  Iron  and  Sled  Institutey  vol.  xix,  Nos.  6  and  7,  pp.  266  and 
319. 
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the  periphery  speed  of  the  cones  deliveriog  the  water  is  1,580  ft, 
per  minute. 

4.  Direction. — The  direction,  or  flow  of  the  gas,  is  constantly 
changed,  in  that  the  whiriing  water  carries  the  gas  with  it  in  a  cir- 
cular direction,  after  which  it  passes  upward,  and  then  at  right  angles 
to  the  upward  flow  across  th^  partition  plate,  and  then  up  throagh 
the  ports  to  have  this  cycle  repeated  in  the  next  chamber. 

5.  Velocity. — The  velocity  is  changed  as  many  times  as  there  are 
sections  to  the  washer,  the  gas  being  contracted  at  the  ports  and 
expanded  in  the  chambers ;  in  a  10-ft.  diameter  washer  the  speed  of 
the  gas  through  the  ports  is  at  the  rate  of  42  ft.  per  second,  and  in 
the  washing  chamber  at  the  rate  of  9  ft.  per  second. 

6.  Filtering  and  Washing. — The  gas  is  passed  through  a  most  minute 
spray  of  water,  the  water  thus  acting  as  a  filter.  No  better  washing 
effect  can  be  produced  than*  is  that  due  to  the  water  delivered  by  the 
cones ;  the  water  is  so  finely  divided  that  it  entirely  surrounds  and 
wets  the  dust  particles,  weighing  them  and  causing  them  to  drop. 
I  regret  that  there  are  no  Feld  plants  on  dust  extraction  to  be  shown 
you  in  this  country,  our  only  washers  here  being  used  in  various 
chemical  processes. 

Experiments  were  conducted  at  our  shops  by  the  representative  of 
a  large  Western  copper  smelter  with  the  object  of  determining  the 
value  of  a  Feld  washer  on  the  throwing  down  of  sulphur  fames: 
these  experiments  proved  so  successful  that  the  concern  immediately 
ordered  a  washer  to  be  placed  in  its  experimental  plant  in  California. 

Before  closing  my  remarks  on  wet  cleaning,  I  would  also  refer  to 
the  Reco  centrifugal  washer,  mentioned  by  Mr.  Forbes.  This  washer 
is  built  with  an  idea  of  accomplishing  the  Feld  results,  but  its  very 
structural  nature  tends  to  remove  any  such  successful  issue.  The 
washing  water  is  thrown  out  into  space  in  a  thin  stream  from  the 
horizontal  shelves  attached  to  the  inverted  cup ;  if  these  shelves  are 
not  perfectly  horizontal  more  water  will  be  thrown  off  at  one  point 
than  at  another,  with  the  result  that  the  gas  will  follow  the  line  of 
least  resistance  and  pass  through  the  space  but  slightly  filled  vritb 
water,  and  thus  escape  the  desired  cleaning. 

I  also  note  that  Mr.  Forbes  refers  to  the  Halberger-Beth  gas- 
cleaning  system,  which  system  is  dependent  upon  bag  filtration  for  its 
final  cleaning  of  the  gas.  I  regret  to  see  that  an  attempt  is  being  made 
to  introduce  this  necessary  evil  adjunct  of  the  copper,  lead,  and  zinc 
smelter  into  blast-furnace  practice;  this  evil  in  the  smelter  is  deep 
rooted,  the  first  bag  house  having  been  erected  in  this  country  in 
Colorado  in  1887  and  was  used  on  lead  fumes.     It  seems  that  the 
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whole  tendency  since  that  time  has  been  to  try  to  improve  this  evil 
instead  of  discarding  it  for  something  better,  as  is  being  done  in 
Europe.  This  evil  is  most  pronounced  in  lead  smelters,  where  the 
operators  are  subject  to  continuous  contact  \^ith  lead  dust,  with  con- 
sequent ill  effect  on  health.  A  wet  system  should  surely  lend  itself 
to  better  sanitary  conditions. 

A  bag  house  passing  165,000  cu.  ft.  of  gas  per  minute,  operating 
4,000  bags,  cost,  including  building,  woolen  bags,  distributing  flue, 
fans,  motors,  and  shaking  arrangement  complete,  (34.40  per  bag,  and 
occupies  a  ground  space  of  19,593  ^q.  ft.,  while  a  Feld  plant  of  the 
same  capacity  for  smelter  work,  based  on  the  above  number  of  bags, 
would  cost  about  (22  per  bag,  and  occupy  about  6,000  sq.  ft.  of 
ground  area;  the  efficiency  of  the  above  bag  house  was  found  to  be 
from  84  to  90  per  cent,  while  under  the  same  conditions  a  Feld 
plant  could  be  depended  upon  to  give  95  to  97  per  cent,  efficiency, 
and  at  the  same  time  present  a  far  safer  investment,  as  if  the  gases, 
for  some  unforeseen  reason,  are  not  cooled  properly  before  entering 
the  bag  chamber,  fires  will  result,  with  the  possible  destruction  of 
the  cleaning  plant.  In  the  bag  house  price  quoted  above,  precoolers 
and,  if  applied  to  blast-furnace  practice,  final  coolers,  were  not  in- 
cluded. 

Joseph  Hartshornb,  Pottstown,  Pa. : — It  is  stated  in  the  abstract  of 
the  discussion  of  Mr.  Forbes's  paper  by  Mr.  Wagner,  read  by  the 
Secretary,  that  the  Schwarz-Bayer  cleaning  plant  at  Donawitz  and 
the  Feld  cleaning  plant  at  Pompey  are  described  and  compared  and 
that  "  the  amount  of  water  used  at  Donawitz  is  questioned." 

Since  neither  the  figures  nor  the  reason  for  the  question  were  given 
in  the  abstract,  comment  cannot  be  made  upon  them.  I  wish, 
however,  to  state  that  from  my  knowledge  of  Donawitz  and  of  its 
management,  I  can  bear  witness  to  the  care  and  accuracy  of  their 
work.    I  think  any  figures  given  by  them  may  be  accepted  as  accurate. 

I  saw  several  of  these  Schwarz-Bayer  cleaners  at  work  in  various 
places  in  Europe  in  1912.  In  the  absence  of  my  notes,  I  cannot  give 
the  exact  figures,  but  the  general  results  were  that,  in  a  60,000  cu. 
m.  machine,  the  requirements  per  1,000  cu.  m.  were :  total  power, 
from  2.5  to  2.8  h.p.,  and  water,  1.2  to  1.5  liters.  Such  a  machine 
would  reduce  the  dust  from  12  g.  per  cubic  meter  to  0.1  g.  A 
secondary,  or  finishing,  machine  would  further  reduce  it  to  0.01  g, 

Stuart  B.  Marshall,  Dunbar,  Pa. : — ^I  wish  to  speak  about  Mr. 
Diehl's  remarks,  as  my  experience  with  the  blast  furnace  has  been 
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practically  along  those  lines,  without  the  elaborate  statistical  data 
which  he  has  reported  so  completely.  My  observation  at  one  furnace 
where  the  gas  was  not  cleaned,  right  beside  another  where  the  ga> 
was  cleaned,  enabled  me  to  watch  its  effect  upon  the  heating  of  the 
stoves  of  the  same  design ;  and  it  was  an  absolutely  positive  fact,  eo 
far  as  my  experience  is  concerned,  that  with  the  cleaner  gas  the  heats 
in  the  stoves  were  better  and  the  cost  of  cleaning  less ;  the  gas  under 
the  boilers  easier  to  handle,  the  efficiency  and  economy  of  the  boilers 
better,  and  results  were  along  the  lines  of  Mr.  DiehPs  discussion. 

That  is,  my  practical  experience  has  been,  as  he  puts  it,  except 
that  I  have  not  had  the  means,  or  taken  the  time,  to  get  up  soch 
complete  data  as  he  has.  I  think  it  is  extremely  valuable  corroWa- 
tion  because  it  brings  out  the  experience  where  you  have  one  operated 
one  way  and  the  other  operated  the  other  way  side  by  side.  In  my 
mind  there  is  no  doubt  about  the  increased  value  of  clean  gas; 
especially,  as  Mr.  Forbes  states,  when  you  have  the  clean  gas  you 
can  get  more  heat  efficiency  in  the  stove  by  having  more  checkers, 
permitting  the  use  of  smaller  spaces,  and  that  is  an  important  feature. 

I  think  the  more  we  develop  along  that  line  we  will  lower  some  of 
our  costs,  as  Mr.  Forbes  has  stated  in  his  most  excellent  paper. 

Joseph  W.  Richards,  South  Bethlehem,  Pa. : — I  would  call  atten- 
tion  to  the  fact  that  the  sensible  heat  which  is  lost  by  cooling  is  an 
important  amount  of  heat,  and  if  the  gases  are  put  through  the 
washer  and  cooled  at  100®  F.  we  lose  a  very  large  amount  of  heat, 
which  should  be  saved  if  possible.  The  amount  of  water  vapor  which 
is  ordinarily  in  the  gas  is  not  very  detrimental  to  the  use  of  the  ga?. 
It  carries  out  some  sensible  heat,  but  I  do  not  think  the  water  vapor 
affects  the  combustion  of  the  gas  any  more  than  any  other  inert  in- 
gredient of  the  gas  would.  I  think  it  would  be  highly  desirable  if  a 
method  of  cleaning  gas  could  be  invented  other  than  by  washing  it 
and  reducing  its  temperature  to  ordinary  temperature.  If  the  Cottrell 
process,  for  instance,  could  be  adopted  in  an  apparatus  that  could  be 
kept  hot,  so  that  the  sensible  heat  of  the  gas  could  be  conserved,  it 
might  then  clean  the  gas  completely  and  save  the  sensible  heat  which 
is  carried  out  of  the  furnace,  which  is  such  an  important  item  to 
save.  I  do  not  regard  washing  the  gas  as  absolutely  necessary  in 
order  to  remove  the  last  trace  of  fine  particles;  they  might  be 
removed  by  other  means  and  the  sensible  heat  which  the  gas  con- 
tains thus  saved. 

J.  E.  Johnson,  Jr.,  New  York,  N.  Y. : — ^I  have  been  considering 
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this  matter  long  the  same  lines  on  which  Professor  Richards  has  jast 
spoken. 

If  the  barnt  gas  is  discharged  from  the  stoves  or  boilers  at  a  tem- 
perature as  low  as  or  lower  than  that  at  which  it  comes  from  the 
furnace  there  is  obviously  no  loss  from  the  presence  of  water  vapor ; 
that  is  to  say,  if  the  gas  from  the  furnace  is  at  500^,  as  it  often  is, 
and  is  discharged  from  the  stoves  at  500°,  the  water  vapor  plays  no 
part  except  to  cut  down  the  maximum  combustion  temperature,  and 
if  the  gas  could  be  freed  of  dust  and  burned  under  these  conditions 
we  should  undoubtedly  get  10  per  cent,  or  15  per  cent,  more  heat 
from  it  than  we  do  by  cooling  it  down  to  atmospheric  temperature 
and  so  condensing  out  the  water  vapor. 

I  have  just  been  asking  if  anything  has  been  done  with  the  Cottrell 
process.  It  seems  to  me  that  the  electrostatic  method  of  cleaning  the 
gas  while  it  is  hot  and  preserving  that  initial  heat  is  the  one  which 
has  the  most  to  recommend  it  if  it  can  be  carried  out  on  a  com- 
mercial scale  and  with  a  reasonable  capital  expenditure.  This  of 
course  does  not  refer  to  gas  for  gas  engines,  which  must  be  cooled 
in  any  event. 

Samuel  K.  Varnbs; — I  purposely  refrained  from  giving  any 
reason  for  our  poorer  results  with  the  clean  gas,  hoping  some  one 
else  would  bring  up  the  point.  Professor  Richards  has  just  given 
the  reason  that  we  decided  accounted  for  our  results.  We  found  the 
loss  of  sensible  heat  to  be  the  determining  factor.  The  combustion 
temperatures  were  about  185°  F.  lower  with  clean  gas  and  this  lower 
temperature  was  directly  shown  iu  almost  equal  amount  in  the  blast 
temperatures  secured. 

J.  W.  Richards  : — I  can  understand  why  a  plumber,  who  is  not  a 
scientific  man,  will  paint  a  radiator  a  light  color,  such  as  you  see 
here  by  the  window.  That  appliance  is  intended  to  radiate  heat, 
and  yet  they  paint  it  the  worst  color  they  can  get  for  that  purpose ; 
it  should  be  black.  On  the  other  hand,  I  cannot  understand  why 
you  blast-furnace  men  paint  your  stoves  the  best  color  for  radiating 
heat.  You  want  to  keep  the  blast  as  hot  as  possible  coming  from 
the  stoves  to  the  furnace,  also  in  the  cleaning  apparatus  you  want  to 
conserve  the  heat  of  the  gas  as  much  as  possible,  and  yet  you  paint 
them  all  black.  If  I  had  charge  of  a  blast  furnace  I  should  at  least 
try  experiments  to  see  whether  it  is  not  possible  to  find  some  kind 
of  a  paint  or  whitewash  to  keep  those  things  white  and  thus  reduce 
the  radiation  losses. 
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DiNGLER  Machine  Shop  Co.  {McLSchinen-Fabrik  Aktien-Gesellschafl), 
Zweibriicken-Palz,  Germany  (communication  to  the  Secretary*): — 
In  connection  with  the  description  of  Halberger-Beth  dry-cleaning 
method  for  blast-furnace  gas,  given  by  W.  A.  Forbes  at  the  October 
meeting  of  the  Institute,  we  have  the  pleasure,  in  accordance  with 
the  request  of  the  Secretary,  of  submitting  the  accompanying  esti- 
mates of  the  cost  of  installation  and  operation  for  plants  of  different 
capacities  employing  this  method. 

The  operating  cost,  as  guaranteed  by  us,  is  from  15  to  20  pfennig 
per  1,000  cu.  m.  of  gas  cleaned.  But  the  latter  figure  is  reached 
only  when  the  installation  is  extremely  expensive,  by  reason  of  un- 
favorable local  conditions. 

We  have  assumed  10  per  cent,  per  annum  for  amortization,  and 
6  per  cent,  for  interest. 

The  cost  of  power  has  been  taken  at  about  2.5  pfennig  per  horse- 
power per  hour,  which  is  rather  high  for  Europe.  In  Appendix  IE, 
where  the  horsepower  per  hour  is  taken  at  4.5  pfennig,  the  resultant 
cost  of  cleaning  1,000  cu.  m.  of  gas  becomes  28.8  pfennig.  But  this 
high  figure  has  never  been  reached  in  practice.  On  the  contrary,  we 
have  been  able  to  reduce  the  consumption  of  power  per  1,000  cu.  m. 
of  gas  from  ,106  to  about  70  h.p. 

For  the  supervision,  even  of  the  largest  plant  named,  one  man  is 
enough,  with  an  assistant,  perhaps,  for  the  work  of  lubrication.  The 
discharge  of  dust  into  cars  is  easily  performed  by  one  such  assistant 

As  to  the  cost  of  filter-bags,  we  have  calculated  upon  6  months  as 
the  life  of  these  bags ;  but  they  have  lasted  in  practice  as  long  as  18 
months — effecting  a  further  reduction  of  operating-costs. 

The  dust  separated  by  our  dry-cleaning  plant  is  used  with  great 
advantage  to  increase  the  coherence  of  briquettes,  thus  giving  to 
works  using  the  Halberger-Beth  system  a  profitable  disposition  of 
this  otherwise  troublesome  by-product. 

There  are  other  possible  ways  of  utilizing  this  dust;  as  an  ingre- 
dient increasing  the  strength  of  cement;  as  an  insulating  material; 
and  as  a  material  in  the  manufacture  of  glass.  These  numerous  open- 
ings for  the  utilization  of  the  filter-dust  is  a  special  advantage  of  this 
system,  avoiding,  as  it  does,  the  troublesome  and  costly  arrangements 
required  for  the  disposal  of  this  material  under  the  wet-cleaning 
methods. 

The  installation-costs,  as  stated  in  the  following  Appendixes,  in- 
clude the  cost  of  erection;  and  the  cost  of  our  shipment  given,  in 
Appendix  I,  for  a  plant  in  France,  includes  also  the  import-duty. 

*  Received  Oct.  21,  1913. 
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Appendix  L — Calculation  of  profit  for  a  dry-gas-cleaning  plant,  on 
the  Halberger-Beth  system.  Assumed  capacity,  about  66,000  cu.  m. 
of  blast-furnace  gas,  at  0^  C.  and  760  mm.  barometer. 

A,  OostoflnHaUaHon. 

Francs. 

(1)  On«  ghipment,  indading  reserve 219,000 

(2)  Large  sheet-iron  work 60,000 

(3)  Iron  constrnction  of  building :  about  70  tons  at  325  fr. 22,750 

(4)  Foundations,  masonrjr,  and  roofing /.      3,500 

(5)  Driving-motorB  and  equipment..... 15,000 

(6)  Dust-conveyor,  etc 2,600 

Total 812,750 

B,   Operating  OoMs, 

Francs. 

(1)  Amortization  (10  per  oent)  and  interest  (5  per  oent.) 46,900 

(2)  Power,  200  h.p.  for  360  days  at  3  centimes  per  h.p.  per  hour...  65,000 

(3)  Pay  of  two  attendants  at  1,800  fr 3,600 

(4)  Repairs,  lighting,  and  oiling. 3,000 

(5)  Bag-removals. 4,230 

(6)  Dust-transportation  (average  of  10  g.  per  cu.  m.  of  gas  =  0.66 

tonperhour,  or  0.66  X24  X  360 = 6702. 4  per  year  at  1. 25  fr.)..      7,140 

(7)  Water-consumption,  O.l  liter  per.  cu.  m.  gas  =  6.6  X  24  X  360 

X  0.1 670 

(8)  Steam-consumption,  10  kg.  per  1,000  cu.  m.  gas. 11,450 

Total  operating  cost  per  year. 141,890 

Quantity  of  gas  per  year,  570,400,000  cu.  m.  Hence,  cost  of  clean- 
ing  1,000  cu.  m.  gas,  24.8  centimes.  Since  the  dust  can  be  sold  at  7 
fr.  per  ton,  or  0.66  X  24  X  860  X  7  =  40,000  fr.  per  annum,  the  net 
operating  cost  will  be  101,890  fr.,  or  17.8  centimes  per  1,000  cu.  m. 
gas. 

Appendix  2, — Cost-calculation  per  1,000  cu.  m.  gas  on  the  Halber- 
ger-Beth system.  Assumed  capacity  of  48,000  cu.  m.  gas  per  hour, 
at  0°  C,  and  760  mm.  barometer, 

A.  Oost  of  InstcLllation. 

Marks, 

( 1 )  Shipment  of  the  Co. ,  including  reserve  and  mountings. 173, 500 

(2)  Iron-construction  for  building,  65  tons,  at  270  M 14,850 

(3)  Foundations,  masonry,  roofing,  and  glass. 2,800 

(4)  Motors  and  equipment :  2  of  150,  2  of  15,  and  2  of  8  h.p 15,000 


Total 207,750 
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« 

B.  Operation  OiMla, 

Marki. 

(1)  Amortization  (10)  and  interest  (5  per  cent) 31,200 

(2)  Power.  1«  X  24  X.360  X  8 38^^ 

lUU 

(3)  Pay  of  two  laborers  at  1,500  marks 3,000 

(4)  Maintenance,  lighting,  and  oiling 2,600 

<5)  Bag-ienewab 4,620 

(6)  Dost-transportatioa 2,480 

(7)  Water-c  msumption,  0.1  liter  per  cu.  m.  gas,  ==  4.8  X  24  X  360 

XO.Ol 415 

Operating  cost  per  year 82,715 

Quantity  of  gas  cleaned,  48,000  X  24  X  860  =  414,720,000  cu.  m. 
Cost  of  cleaning  per  1,000  cu.  m.  gas,  19.9  pfennig.  If  the  dust  is 
sold  at  6  marks  per  ton,  there  will  be  a  credit  of  2,480  X  6  =  14,780 

marks,  or    ^      '     -^  =  8.6  pfennig,  reducing  the  cost  per  1,000  cu. 

m.  gas  to  16.8  pfennig. 

Appendix  III. — Cost  calculation  per  1,000  cu.  m.  of  blast-furnace 
gas,  by  the  Halberger-Beth  system.  Assumed  capacity,  80,000  co. 
m.  of  gas  per  hour.     Plant  extensible  to  capacity  of  90,000  cu.  m. 

A,  0o9l  of  iTUtcdUUion, 

Marks. 

(1)  One  shipment,  including  reserve  and  after-cooler 134,500 

(2)  Iron-construction  for  building,  40  tons  at  270  M 10,800 

(3)  Foundations,  masonry,  roofing,  and  glass. 3,000 

(4)  Motors  with  electrical  equipment 14,000 

(5)  Dust-conyeyor  and  sundries 2,000 

164,300 
B.   Operating  Cogts. 

(1)  Amortization  (10)  and  interest  (5)  percent.. •  24,645 

(2)  Power  consumption,  l^^'"^  ^  24  X^360  X  4.5 ^g^ 

(3)  Pay  of  two  attendants,  one  on  each  shift,  at  1,500  m 3,000 

(4)  Maintenace,  lighting,  and  oiling. 1,800 

(5)  Bag-renewals. 2,880 

(6)  Dust-transportation,  6   g.  per  cu.  m.  gas  =  0.18  kg.  X  240  X 

360  X  1 1,650 

(7)  Water-consumption  (maximum),  0.1  liter  per  cu.  m.  gas  =  3  X 

24  X  360  X  0.076 198 

Operating  costs  per  annum 74,873 

Quantity  of  gas   obtainad   per   annum,  30,000  X  24  X  360  = 

259,000,000  cu.  m.    Hence,  cost  per  1,000  cu.  m.  =  ^^qq^  =  28.8 

pfennig.     Considering  that  the  dust  can  be  sold  at  6  marks  per  ton, 
or  0.18  X  24  X  360  X  6^=  9,300  marks  per  annum,  this  credit  re- 
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duces  the  cost  to  65,573  marks,  or  about  25  pfennig  per  1,000  cu. 
m.  of  gas. 

Louis  ScHWARZ  &  Co.,  Dortmund,  Germany  (communication  to  the 
Secretary  *) : — ^As  discussion  of  Mr.  Forbes's  paper  on  the  Cleaning 
of  Blast-Furnace  Gas,  we  present  herewith  some  data  relative  to  the 
cost  of  installation  and  operation  of  the  Schwarz-Bayer  disintegrator. 

The  capital  expenditure  for  a  gas-cleaning  plant  capable  of  treating 
5,500,000  cu.  ft.  of  gas  per  hour  is,  in  Germany,  approximately 
$36,000. 

Expefience  in  many  plants  has  proved  that  the  power  requirements 
range  from  6  to  9  h.p.  per  100,000  cu.  ft.  of  gas. 

The  water  consumption  in  treating  a  gas  having  a  dust  content  of 
2.50  to  3.50  grains  per  cubic  foot  is  approximately  122  gal.  per 
100,000  cu.  ft.  of  gas,  when  the  cooling  water  has  a  temperature  of 
15°  C. 

The  dust  contents  of  gas  cleaned  for  stoves  and  boilers  in  such  an 
apparatus  will  range  from  0.04  to  0.1  grain  of  dust  per  cubic  foot, 
and  in  further  cleaning  such  gas  for  gas  engines  the  dust  contents 
will  range  from  0.004  to  0.008  grain  per  cubic  foot. 

The  cost  of  operation  is  in  the  neighborhood  of  6  to  7  c.  per 
100,000  cu.  ft.  of  gas,  and  this  includes  all  operating  charges. 

We  feel  that  our  system  has  many  advantages  over  other  existing 
systems,  especially  in  the  way  of  low  power  consumption  and  low 
water  consumption.  The  Schwarz-Bayer  system  occupies  compara- 
tively little  ground  space  compared  to  most  other  systems. 

The  capital  expenditure  for  pumps  and  piping  is  very  small  on 
account  of  the  small  amount  of  water  consumed  and  on  account  of 
only  requiring  a  head  of  6  to  8  ft.  of  water. 

Eduard  Theisbn  Co.,  Munich,  Germany  (communication  to  the 
Secretary  f): — As  discussion  of  Mr.  Forbes's  paper  on  the  Cleaning  of 
Blast-Furnace  Gas,  we  present  some  particulars  of  the  operation  of  a 
Theisen  disintegrator  gas  washer  for  cleaning  the  gas  for  stoves  and 
boilers  at  a  blast-furnace  plant  in  the  Luxemburg  district : 

Number  of  revolutions  per  minute,  626.8. 

Capacity  of  plant,  1,750,000  cu.  ft.  of  gas  per  hour. 

Water  consumed,  230  gal.  per  100,000  cu.  ft.  of  gas. 

Gas  suction  before  entering  disintegrator,  2.7  in.  of  water. 

Gas  pressure  after  leaving  the  disintegrator,  5.6.  in.  of  water. 

Dust  content  of  gases  before  entering  disintegrator,  0.5  grain  per 
cu.  ft. 
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Dust  content  of  gases  after  leaving  disintegrator,  0.01  grain  per 
cu.  ft 

Power  required,  11.5  to  12  h.p.  per  100,000  cu.  ft  of  gas. 

At  the  same  plant  the  operating  particulars  obtained  in  cleaning 
gas  for  gas  engines  are  as  follows : 

Number  of  revolutions  per  minute,  668. 

"Water  consumed,  415  gal.  per  100,000  cu.  ft.  of  gas. 

Pressure  of  gas  before  entering  disintegrator,  3.5  in.  of  water. 

Pressure  of  gas  after  leaving  disintegrator,  6  in.  of  water. 

Dust  content  of  gas  before  entering  disintegrator,  0.4  grain  per 
cu.  ft. 

Dust  content  of  gas  after  leaving  disintegrator,  0.005  grain  per 
cu.  ft. 

Power  required,  16  h.p.  per  100,000  cu.  ft.  of  gas. 

The  present  Theisen  disintegrator  is  a  great  improvement  over  the 
former  Theisen  apparatus,  particularly  in  the  amount  of  power  re- 
quired, and  this  apparatus  has  been  adopted  on  an  extensive  scale  in 
European  blast-furnace  plants. 

Fowler  &  Medley  Co.,  Liverpool,  England  (communication  to  the 
Secretary  *) : — As  discussion  of  Mr.  Forbes's  paper  on  the  Cleaning 
of  Blast-Furnane  Gas,  we  present  herewith  particulars  taken  from 
the  results  shown  by  our  vertical  gas-washing  machines  installed  at 
the  works  of  the  Partington  Steel  k  Iron  Co.,  Ltd.,  Irlam,  Manches- 
ter, England,  and  we  hav«  chosen  these  machines  as  examples  be- 
cause they  are  both  the  latest  in  design  and  the  largest  we  have  yet 
built. 

This  installation  consists  of  five  of  our  No.  8  cleaners,  taking  gas 
from  three  blast  furnaces.  At  present  two  furnaces  are  in  blast  and 
three  of  our  cleaners  in  use  and  the  results  of  the  tests  made  by  the 
Partington  Steel  A  Iron  Co.  are : 

Gas  passing  per  hour  per  machine,  500,000  cu.  ft 

Dust  in  gas  before  cleaners,  176  grains  per  100  cu.  ft 

Dust  in  gas  after  cleaners,  0.88  grain  per  100  cu.  ft. 

Power  used  to  drive  each  machine,  11  kw.     14  B.  h.p. 

Pressure  used  in  passing  the  gas  through  the  cleaners,  |  in.  of 
water  gauge. 

Water  used  in  each  cleaner,  about  6,000  gal.  per  minute. 

The  water  used  in  this  plant  is  canal  water,  but  we  use  sea  water 
elsewhere,  and  also  water  that  has  been  settled  and  cooled  and  re- 
turned to  the  cleaners. 


*  Received  Oct  16,  1913. 
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The  ground  space  used  is  10  by  10  ft.  for  each  cleaner. 
The  foundation  is  a  ring  of  concrete  6  ft.  6  in.  in  diameter  and 
2  ft.  6  in.  high. 

The  cleaners  themselves  remain  perfectly  clean. 

There  is  no  visible  deposit  of  dust  in  the  stoves  or  the  boiler  flues. 

Capital  Outlay. 

The  price  of  each  STo.  8  machine  is  $3,250. 

The  outlay  per  machine  erected  and  ready  for  use,  with  20-h.p. 
vertical  spindle,  600  rev.  per  minute  motor,  motor  panel,  wiring  and 
foundations,  but  not  including  gas  mains  and  water  supply,  would  be 
about  f  3,900.     Ifo  buildings  are  needed. 

Operating  Cost  No,  8  Cleaner  per  Year  of  8,736  JBr. 

Power  at  0.5  c.  per  kilowatt-hour $475 

Depreciation  at  10  percent,  per  annum 390 

Stores 10 

Attendants,  2  men  for  12  machines  at  $7.50  per  week 65 

Total  operating  cost  exclusive  of  water  supply $940 

Advantages  of  the  Fowler  tf  Medley  Gas  Coolers  and  Cleaners, 

1.  Low  first  cost. 

2.  Low  operating  expenses.     Note  how  little  power  is  needed. 

3.  Efficient  cooling  and  cleaning. 

4.  The  machines  keep  themselves  perfectly  clean,  so  that,  however 
dirty  the  gas  entering  them  may  be,  they  do  not  have  to  be  shut 
down  periodically  to  be  cleaned. 

5.  The  pressure  required  to  send  the  gas  through  the  cleaners  is 
low,  so  that  no  fan  is  necessary  for  feeding  stoves  and  boilers  with 
the  clean  gas. 

6.  The  ground  space  needed  is  small. 

7.  The  foundations  needed  are  cheap. 

8.  No  buildings  are  required. 

9.  We  are  now  prepared  to  build  machines  of  such  a  size  that  one 
only  would  be  needed  for  each  blast  furnace.  Such  a  machine  would 
not  require  more  power  or  water  than  the  No.  8  size  of  which  we 
have  given  particulars  above,  so  far  as  its  capacity  for  cleaning  is 
concerned. 

10.  For  fine  cleaning  of  the  gas  for  use  in  gas  engines,  after  it  has 
been  washed  and  cooled  in  machines  of  the  type  exhibited,  we  make 
a  cleaner  of  exactly  the  same  general  type,  but  with  the  spraying 
disks  so  fed  with  water  that  the  requirements  per  machine  do  not 
exceed  \oO  gal.  per  hour. 
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With  such  secondary  cleaning,  troubles  in  gas  engines  dne  to  dust 
entirely  disappear. 

W.  A.  Forbes  ; — I  have  not  much  to  add  to  the  very  able  discus- 
sions by  the  various  gentlemen.  I  would  like  to  make  it  plain,  how- 
ever, that  the  blast-furnace  conditions  under  which  Mr.  Varnes  now 
operates  are  altogether  different  from  the  conditions  under  which 
Mr.  Diehl  operates,  especially  in  relation  to  the  amount  of  water 
vapor  in  the  issuing  gas.  The  furnaces  with  which  Mr.  Varnes  is 
connected  use  nodulized  Cuban  ore  containing  practically  no  mois- 
ture, and  produce  very  little  dust,  while  the  furnaces  which  Mr. 
Diehl  operates  use  fine  Mesabi  ore  almost  exclusively,  containing  15 
to  20  per  cent,  of  moisture,  and  this  ore,  as  is  well  known,  produces 
large  quantities  of  dust.  In  addition  to  the  high  natural  moisture  in 
the  Mesabi  ore,  a  certain  amount  of  water  is  added  to  the  stock 
before  charging,  to  try  to  reduce  the  amount  of  dust  blown  over. 
Consequently,  the  gas  under  Mr.  Diehl's  conditions  contains  a  great 
deal  more  water  vapor  than  under  Mr.  Varnes's  conditions,  and  it 
has  been  our  experience  that  it  is  a  distinct  advantage  to  reduce  the 
amount  of  water  vapor  in  the  gas  by  cooling.  This  reduction  in 
amount  of  water  vapor  results  in  better  combustion  of  the  gas  in  the 
stoves  and  under  the  boilers,  and  much  more  than  compensates  for 
the  loss  of  sensible  heat  in  the  gas  incident  to  cooling.  I  might  also 
add  that  Mr.  Diehl's  ore  conditions  prevail  at  a  large  majority  of  the 
American  blast  furnaces. 

In  regard  to  the  written  discussion  by  manufacturers  of  various 
foreign  systems,  it  is  unfortunate  that  only  the  Feld,  of  those  partic- 
ipating in  these  discussions,  has  an  American  representative,  as 
otherwise  the  criticisms  of  some  of  the  systems  by  Mr.  Wagner,  the 
Feld  representative  in  this  country,  could  have  been  answered.  I 
think  it  is  only  fair  to  state  that  the  Feld  system  has  not  been 
adopted  on  the  European  Continent  to  nearly  the  extent  of  any  of 
the  other  Continental  systems  referred  to  in  the  discussions^  or  in 
England  to  the  extent  of  the  English  system  described  by  me. 
Answering  Mr.  Wagner's  remarks  about  the  Halberger-Beth  system, 
which  is  dependent  upon  bag  filtration  for  cleaning  the  gas,  I  would 
draw  the  gentleman's  attention  to  the  many  installations  of  this 
system  which  have  been  erected  in  Europe  since  it  was  first  brought 
out  less  than  five  years  ago.  The  numerous  installations  are  largely 
due  to  the  general  belief  that  there  is  no  other  system  which  cleans 
blast-furuaee  gas  so  thoroughly  as  the  Halberger-Beth. 
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More  Profits  For  Drill  Users 

No.  2,  SuUivan  "UTEWEIGHT" 

•ilk 


For  me  nndergroniH 
low  weicbl  is  inqwrtu 

in  a  tool  that  must  b 
handled  as  much  an' 
in  as  cramped  quar 
ters  as  a  rock  drill. 

Sullivan  "UTEWEIGHT"  DrilU 

have  been  designed  especially  for  underground  service, 
for  sinking,  drifting,  raising,  for  any  work  for  which  a 
piston  drill  is  best  suited. 

Lighter,  stronger,  tougher  mctab  have  been  used  in  building  these 
drills,  reducing  their  weight  by  from  35  to  70  pounds,  as  compared 
with  older  drills  of  equal  cylinder  diameter. 

This  has  been  done  with  an  actual  increase  in  the  stability — resist- 
ance to  wear  and  breakage — of  the  drills,  and  in  their  drilling  speed 
and  air  power  economy. 

"UTEWEIGHT"  Drills  can  be  supplied  with  the  Water  Jet  or 
Air  Jet  feature,  mentioned  last  month,  if  exceptional  cutting  speed  is 
an  essential,  or  when  trouble  is  found  in  cleaning  the  holes. 

THEY  COST  US  MORE  TO  MAKE— THEY  COST  YOU  LESS  TO  USE. 

BulleHn  No.  866-H. 

AIR  COMPRESSORS 
DIAIHOKD   DRII.1^ 

Sullivan  Machinery  Company 

122  So.  Michigan  Ave.,  Chicago 
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""  W.  &  L.  E.  QURLEY  '"' 

TROY.  N.  Y. 

UkRGEST   MANUFACTURERS    IN   AMERICA 

or 

Field  Instruments  for  Mining  and  Qm  Enoneexs 


AIM  nMkera  of  ACCURATE  THBRMOMBTBRS 

PHYSICAL  AND  SCIENTIFIC  LABORATORY  APPARAtVI 
STANDARD  WBIQHTS  AND  MEASURES 

■KAMCH  FACTORY,  Na.  jij  HARITIME  BUII.DIIn^  IBATTI.B,  WASH. 

Sand  br  avilejr'a  Manoal 
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^apid 
t  Sinking 
th  the 
CHAMER" 


la  copper  mine  used  two 
hamere"  in  sinking  a 
il  shaft  19'  6"  X  6'  10"  in 
ear,  from  the  1200  foot 
o  the  1800  foot  level. 

age  rouDd  was: — eight 
les,  eight  lifters,  six  back 
and  six  end  holes,  total- 
92  feet  of  drilling  or  96 
feet  per  drill. 

The  rock  is  a  hard  granite  and  the  average  time,  day  after 
day,  is  five  hours  for  drilling  the  entire  round. 

From  Jan.  20th  to  Feb.  15th,  the  shaft  was  sunk  and  tim- 
bered 110  feet — in  spite  of  eleven  shifts  lost  by  an  accident. 

Piston  drills  were  used  before  the  "Jackharaers"  were  in- 
stalled, and  the  beet  record  made  with  the  larger  drills  was 
60  feet  of  shaft  in  one  month. 


NEW  YORK  INGERSOLL-RAND  CO.  "•<"" 

OfflsM  the  World  Over 
COMPRESSORS  STOPERS  ROCK  DRILLS 

HD-18 
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Two  Essentials  For  Pumps 

Their  efficiencies  must  be  high — ^their  main- 
tenance and  operating  expense  must  be  low 
— two  essentials  that  are  splendidly  met  in 

Cameron  Centrifugals 

Back  of  Cameron  high  efficiencies  is  simplicity  and 
excellence  of  design.  Back  of  Cameron  low  up-keep 
are  rigid  elimination  of  the  unfit  in  choosing  material 
and  thoroughness  of  manufacture.  Back  of  Cameron 
low  operating  costs  are  these  same  elements. 

The  accompanying  illustration  shows  vividly  the  sim- 
plicity of  one  Cameron — the  Cameron  Double  Suction 
Volute  Centrifugal  Pump.  Note  the  horizontally  split 
casing  allowing  quick,  easy  access  to  all  working  parts. 
The  impeller  is  enclosed  and  perfectly  balanced. 

If  you  want  your  pumping  done  at  the  least  ultimate 
expense,  put  it  up  to  the  Cameron. 

Bulletin  S-D-55  tells  the  story.     It's  free. 


A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 
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Star  Portable  Drilung  Machines 


EamFPEK  FOK  SrUkM.  «A8  OR  ELKCTIICIL  POWEK. 

For  Wmct  Well*— Oil  and  Gb»  Wells— Mioer»l  Prospecting— Riilrcd  and  Cud 
ExcMMioDi — Cemeni  and  Cnuhed  Slone  Quimei — Bridge  Soondiiiga — Coal 
Mine  Ventillauon— InigatioD,  Etc  Wiite  for  IlliutntBd  Catalog. 

THE  STAR  DRILLING  HACHIITE  COMPAITT, 
OeiermI  Offlou :  Akroi,  Ohio.    BraMh  Ofloe :  2  Rentir  St,  New  Yarfc  CHjr. 

/•rki :  AkroD,  Ohlo.—Chaauu,  Kaaaaa.— Portland,  Oragon.— Lons  Baacb,  Cal. 

(«) 


BDLLETIN,  A.  L  M.  E.— ADVERTISING  SECTION. 

Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

These  butmnKiits  are  of  the  same  standard  qoafitj  and  possess 
the  sanie  features  of  duralMlitf  and  worionanship  as  dw  well- 
hwnrn  Weston  standard  D.  C  instmments.  Thejr  are  so  hnr 
in  price  as  to  be  within  the  reach  of  all  users  of  electrical 


Weston  A.  C  instruments  are — 
Dead  Beat 

Eztremclj  SensitiTe 

Praicticanjr  Independent  t^ 
~  Wave  Form  and  Te^>eratnre 

Error,  and  require  rery  little 

Power  to  optfate 


D.  C  Iiutrameat  n)rt»bk  A.  C 

FOR  D.  C.  CIRCUITS  OP  SMALL        Swltdibowd  A. C 
MINE  PLANTS  InttiuaKoi 

Weston  Eclipse  Ammeters,  Miluammeters 
AND  Voltmeters 

•re  wdl  •uited.  They  are  of  the  "  toft-iron  "  or  Electro- 
magnetic type,  remarkably  accurate,  wdl  made,  nicely 
finished,  and  especially  low  in  price.  Wetton  Eclipse  in- 
•tnunents  are  far  in  advance  of  all  preceding  forms  of  the 
•oftJron  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CD. 

Waverly  Park.  Newark,  N.J. ,  U.S.  A. 

Naw  Yarh  Offio*  :  114  Liberty  Street. 

London  Branch  :  Audrey  House,  Ely  riace,  Holbani. 

Paris,  Franco  :  E-  H.  Culiol,  13  Rne  St.  Georgei. 

■•rlln  !  European  Weston  Instrunienl  Co.,  Ltd.,  Schoceberg,  Geneit  Str.,  f. 
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WIRE  ROPE 

The  strongest  wire  rope  is  Roebling  Im- 
proved Plow  Steel.  This  grade  should  be 
specified  always  when  the  rope  is  to  be  used 
under  unfavorable  conditions  of  stress  and 
wear  or  when  the  maximum  strength  for  a 
given  diameter  is  required.  Made  with  a 
blue  hemp  center. 

John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 

AGENCIES  AND  BRANCHES: 

N«wYark  Fbiladelphla  PitUburgb  Cle*el«iid  Atlanta 

San  Franctico  L«a  AngelM  Seattle  Portland,  On. 
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The  ABMOSPLATE 
Type  Frame  allovra  the 
greatest  percent  of 
weight  to  be  used  for 
motor  eqinpinent  for  a 
ghren  wcaght  of  Loco- 


i 


i 


Jeffrey  ARMORPLATEType  Locomotives 

insure  safety  to  men  and  equipment.  The  locomotive  is 
never  out  of  commission  due  to  broken  side  or  end  frames. 
The  cost  of  upkeep  for  this  construction  is  a  minimum. 


JEFFREY  MFG.  COMPANY,  Columbus,  Ohio 

Chlcuo  Blnnloghuii 

Philadelphia  BoMon 


Longest  Servlcel       Most  Economlcall 

Adamantine  Chrome  Steel 

SHOES  ANOpiES 

FOR  STAMP  MILLS 

Canda  Self-Locklns  Cams 

Tappets     t     BossheadB 

Cam  Sliafls      i      Stamp  Stems 


RepiHSnled  bf : 
J,  F.  Spellman,  Ftnl  Nat'l  Bank  Bldg,.  Deanr,  CoL 
Q.  W.  Ujen.  Kohl  Bldg.,  San 


BULLETIN,  A.  I.  M.  E.— ADVEBTISING  SECTION. 


UNIVERSAL  DANGER  SIGNAL 


e*Ior  acham*  thli  ainal  daaa  away 
wltfa  thi  nacaailtr  orpilntlDg  alsDili 
In  dliforaal  lanfuafaa  lor  noa-KaflLah 
apcaklnl  aaiplarKa,  Od«  anplalned 
to  tbem  b*  em  In  antfaarlt*  It  !■  In. 
dellbly  Inpnaaed  upon  tbdr  mlada  far 


'|Q(  Sou  aaa  < 

to   anathaT   al 

r  ibia  Biaaai. 

Sketchei  aod  price*  fix 


J.  W.  STONEHOUSE,  907-909  Eighteenth  Street, 
DENVER,  COLORADO. 


BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION. 


PENNSYLVANIA  CRUSHER  CO. 

NcwvoRK  PHILADELPHIA  piTT»uiiaH 

""•""•  """  M^boo  01r.nl   Bld'K  "«"<•""  •">  ■ 

Cradicre  ud  PulveriMn  (Oi  By-Prodiict  Coki  Pluti,  Coal, 
UmsatMic,  Camant,  Rock,  arnum,  Sbule,  aod  a  mnlUtuda 
of  otfaer  maMrUa. 


Coaiaai 


lahlocand 
aiag  Plaot 


UMeLE 

lOLLC 

AELJ 
COil. 


BEER,  SONDHEIMER  &  CO. 

Pnuikfort-on-Maln,  Qsmiany 

NEW   TORK   OFFICE        -        -       4S   BROADWAY 

Zinc  Oio,  CaiboiMlci,  Sulphides  and  Mixed  Ores,  Copper  Orei, 
Cdppa  Matte,  C^^cr  Bullion,  Lead  Bullion,  Lead  Orea,  Antimoo^ 


Own  Smelting  aod  Refining^  Works 


L  V0GEL5TEIN  &  CO. 

42  BrowlwaT  NEW  YORK 

BUYERS,  SMELTERS 
AND  RERNERS  OF 

Ores  and  Metals  of  All  Claaaoa 

As*nt*  for: 

Am  Hlnch  ft  Soha,  Halbaraudt,  Oaimaar. 

UoltadStatcaMatala  Red olnr  Co ^  Chroma,  K.J.aod  araaaalll,  Ind. 

Amarlean  Zinc,  Lead  *  Bucltlof  Co.,  Canay  aBd  DaarlBg,  Kanaa*. 

Kanaaa  Zinc  Co.,  La  Harpa,  Kaoaa*. 

TlM  Bactroljtlc  Rcfinloi  ft  Smaltint  Co.  or  Auatralla,  Ltd.,  Port  KonUa,  N.  B. 


ACCURACY  IN  MEASUREMENT" 

la  beat  oMalHd  ttiroBf  h  tha  oao  ol 

fUF/C/N 

MEASURING  TAPES 

%  Tha  mora  aevora  tha  taat,  th*  batter  thalT  aho«fB|. 
For  aala  bj  all  daalara.    Saod  for  Catslocu*. 

nf£/UAX7Jlfffui£/7o. 


stenmw.  mkh..  u.  s.  a. 


A  DIRECTORY  OF  MINING  AND 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  CO. 

Milwaukee.  WIsoonsin. 

MINING  MACHINERY  of  Every  Type.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis- Chalmers,  Limited, 
Toronto,  Ont. 


ANSON  G.  BEnS 

NEW 

Troy,  N.  Y, 

" 

Electrolytic    Lead    Refinini^;     Zinc    Recoveiy   fiom 

PROCESSES 

Complex  Ores;      Laboratories   for  Metallux|^cal  Re- 

search. 

WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  CO. 

Naw  Yark.  St.  Laula.  Saattla. 

rACTORice :  er.  louis  and  scattlc. 
Manufacturers  of  "  YELLOW   STRAND  "  and  other 
High  Grade  Wire  Rope ;  also  AERIAL  WIRE  ROPE 
TRAMWAYS. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Braailway,  Naw  Yark. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinkinir.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 
COMPRESSORS 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 

MOTORTRUCKS 


CHICAGO  PNEUMATIC  TOOL  CO. 

Chlaago.  Naw  York.  London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES, 
MOTOR  TRUCKS. 


SHOES 
AND 
DIES 


CHROME  STEEL  WORKS 

Chroma,  N.  J. 

Adamantine  Chrome  Steel  SHOES  and  DIES  for 
Stamp  MiUs.  CANDA  SELF-LOCKING  CAMS; 
TAPPETS;  BOSSHEADS;  CAMSHAFTS;  STAMP 
STEMS. 
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METALLURGICAL  EQUIPMENT 


THE  DENVER  FIRE  CLAY  CO. 

D«nv«p,  Colo.  Salt  Lako  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLBS, 
8CORIPIERS,  MufiBes,  Pire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Qlass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


A88AYER8 

AND 

CHEMISTS 

SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

Donvop,  Colo.        El  Paso,  Tox.        Now  York  City. 
Salt  Lako  City,  Utah.  San  Franoisoo,  Cai. 

MANUPACTURBRS  OP  WAUGH  DRILLS. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


EDISON  STORAGE  BATTERY  CO. 

Orango,  N.  J. 

Manufacturers  of  the  EDISON  STORAGE  BATTERY 
for  Mine  Haulage.    Write  for  descriptive  bulletin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Sohonootady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 
MINE 


LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chloago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  ••Longlife"  **  Maxecon"  ft  *<Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 
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A  DIRECTORY  OF  MINING  AND 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


HARBISON-WALKER  REFRACTORIES  CO. 

Pittsburgh,  Pttnna. 

Refractories  of  highest  grade  for  Blast  Putnace  snd  the 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelthif 
plants,  t«ead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  tjrpes  in  use  in  the  various  metallurgical  processes. 


HARDINGE 

BALL 
AND 


MILLS 


HARDINGE  CONICAL  MILL  CO. 

Now  York,  N.  Y. 

Manufacturers  of  the    HARDINGE    BALL  and 
PEBBLE    MILLS  for  fine  and  granular  crushing. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

PttPU,    III. 

Manufiscturers  of   SPELTER,    SHEET    ZINC    and 
SULPHURIC  ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 

**Retttm-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
••Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
••Calyx*'  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lilt  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

ColHitibHs,  Ohio. 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 


LEAD  LINED  IRON  PIPE  CO. 

Wakofflold,  Maaa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


LEAD  LINED   j 
IRON  PIPE 
AND  VALVES  ! 


(H) 


METALLURGICAL  EQUIPMENT 


A.  LESCHEN  &  SONS  ROPE  CO. 


IVBUBlMnSHTUU 


lNrT«k       €Un§*         St.  L«uls,  Mo.      D«v«r     SuFrucfae* 

Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MASHEK  ENGINEERING  CO. 

90  West  St.,  Now  York. 

Complete  plant  equipments  4,  8,  x6  and  35  tons  of  a  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.  Com- 
plete plants  designed  and  erected. 


BRIQUETTING 


MACHINERY 


OTIS  ELEVATOR  COMPANY 

Elovvnth  Ave.  and  Twenty- Sixth  St.,  Now  York. 

OFFICKS  IN  ALL  PRINCIPAL  CITIES  OF  THE  WORLD. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
yators — for  all  kinds  of  power; — including  Furnace 
Hoists,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PENNSYLVANIA  CRUSHER  CO. 


New  York 

50  Church  Street 


Plttobonrta 

Machesney  Bld'g 


Phlladolphia 

Stephen  Olrard  Bld*v 

Complete  Coal  Crushing  and  Coal  Cleaning  Plants; 
Crushing  Machinery  for  By- Product  Coking  Plants; 
Crushers  and  Pulverizers  for  Coal,  Cement,  Rock,  Lime- 
stone, Gypsum,  and  a  multitude  of  other  materials. 


HAMMER 
CRUSHERS 

BRADFORD 
COALCLCANCRf 

PULVERIZERS 

SINGLE  ROLL 
CRUSHERS 

DELAMATER 
COAL  TESTER 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row.  Now  York. 

Messiter  ORB  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  Locomotives ;  Hoisting  Machinery. 


ROBIN8 

BELT 

CONVEYORS 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Tronton,  N.J. 

WIRE 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

ROPE 

agencies  and  branches  throughout  the  country. 
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POSITIVE 

PIICSSURC 

BL0WCIIS 

VACUUM  AND 
IIOTAIIY  PUMPS 

OAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Conn«rsvill«,  Ind. 

Maanfacturen  of  the  Roots  Positive  Pressure  Blowen 
for  Smelting,  Foundry  end  Filtration  Work.  Write 
for  Catalogue. 


DRILLING 


MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 


General  Offlo^s :  Akran,  O. 
Branoh  Offloa  :  2  Raotor  St.,  Naw  York  CKy. 


CdL 

Manufacturers  of  Portable  Well  Drilling  Machineiy, 
traction  or  non-traction  for  drilling  all  deptha  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electrical  Power. 


SIGNS 

FOR 
MINES 


THE  STONEHOUSE  g^  MINE  SIGNAL  CO. 

Danvar,  Colorado. 

Manufacturers  of  signs  for  mines.  Our  *<UniTersal 
Danger  Signals  "  prevent  accidents  and  save  Uvea.  No 
mine  should  be  without  them.  They  wear  a  lifetime. 
Special  signs  made. 


SOCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  SoHth  Miohlgan  Ava.,  Chloaga,  ill. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


DAMP- 
RESISTING 
COMPOUNDS 

AND 
PAINT 
SPECIALTIES 


TOCH  BROTHERS 

320  Fifth  Avanua,  Naw  York. 

Damp- Resisting  Compounds  and  Paint  Specialties  for 
every  purpose.    Send  for  64-page  book. 


All  LOCOMOTIVES 
BIEAIER  HACHIIIERT 
COAL-WASHING  PLANTS 
CONVETING  HACHINERT 
CIUSHING  HACHINUT 
GAS0UNEL0C0M0T!VE9 

HOISTING  AND  HAUUNG 

HACHINERT 
STEAM  LOCOMOTIVES 
VENTILATING  FANS 


VULCAN  IRON  WORKS 

Wllkaa-Barra,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Heat- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 

(Tr! 


METALLURGICAL  EQUIPMENT 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

East  Pittsburgh,  Pa. 

THE  BALDWIN-WBSTINGHOUSE  ELECTRIC 
MINE  LOCOMOTIVES.  For  fuU  infonnation  write 
either  to  above  address  or  THE  BALDWIN  LOCO- 
MOTIVE WORKS,  Philadelphia,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavarly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMM 
AN 
VOLTM 


THESE  CARDS 

comprise  a  concise  statement  concerning  the  product 
of  each  firm  and  are  published  with  a  view  to  fur- 
nishing members  of  this  Society  with  a  reference  list. 


REFERENCE 
LIST 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactioiis  of  the  American  Instkiite  of  Mining  Engineers 

VOLUMES  t  to  XXXV— 1871  to  1904 

706  pagas,  6  by  9  I  no  has. 

Bound  in  cloth S6*00 

Bound  In  half-moroooo, S6.00 


VOLUMES  XXXVI  to  XL— 1906  to  1909 

186   pagas,  6   by  9  Inchaa. 

Bound  In  oloth 

Bound  in  half-moroooo 


S1.60 
S2.60 


Taken  together  these  ,two  indexes  furnish  in  convenient  form  for  readj 
reference  everjthing  of  importance  contained  in  the  TranBaeHonSt  and  give 
to  both  member  and  non-member,  whether  possessing  a  set  of  the  TransacUoTia 
or  not,  the  means  of  ascertaining  at  a  minimum  expenditure  of  time  and 
trouble  the  exact  contents  of  the  volumes  on  any  given  subject  of  special 
interest 

Sent,  prepaid,  on  receipt  of  price  bj 

The  American  Institute  of  Mining  Engineers, 

29  We«t  39tli  Street,  New  York. 
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PROFESSIONAL  CARDS 

ALMIME,  WALTER  H. 

CODSttltlDf  MIniDf  SDd 

MsteUvrgical  Sacin*er 
14  Wan  Btnet                 MEW  TOEX 

COULDREY,  PAUL  S. 

Gcaeral  Mining  SaperiateadaBt 
Csaao  »*  Pasco  Mnnir«  Co. 

CERRO  di  PASCO,  PERU 
SOUTH  AMERICA 

ARMSTEAD.  Hmry  Howell 

CoMiltlig  Eigiietr 

20  BroadwftT 

NEW  YORK 

Apartado  65^  Goanajuato,  Mexico 

HAMMOND.  JOHN  HAYS. 

CiiBMttlii  Eailmer. 
71  Broadway,              NEW  YORK. 

BEATTY.  A.  CHESTER 

ConMitting  Mining  Englnttr, 
71  BioMlway, 

NEW  YORK,  N.  Y. 

ObleAcUmt: 

Oruttlc. 

HANKS.  ABBOT  A. 

Chraritt  aid  Aataytr 

Ealabliahed  1866 

Control  and  Umpire  Aieaya,  Saperrl> 
•ion  of  Sampling  at  Smelters,  Chemical 
AnalyMS   of  Ores,    Minerals,   Mlnend 
Waters,  etc. 

IM8MiMito8t    Su  FnuMltM,  C«l. 

BREWER,  WM.  M. 

P.  0.  Box  TOl,             YIOTOBIA,  B.  0. 
Coaaaclad  widi  the  Tyae  Copper  Co.,  Ltd. 

BURCH,  H.  KENYON 

MMhMlMl  sad  MeUllsrgleal  EadBeer 

IIIAIII.GILA  COUNTT.  AinONA 

P wall' HOT  and  Builder  of 
Power.  Holatlnv,  Pnmi»tii#. 

c^^^^M^  Concentration  of  Ore*. 
SpecW"^  Economic  Handling  of  Materials. 

HARDMAN,  JOHN  E. 

CMauitlig  Mlulig  EiglMgr, 

Room  601,  Royal  TniM  Building, 

MONTREAL,  CANADA. 

CHANNING,  J.  PARKE 

CoMiltiifl  Eighioer, 
43  Bkoaowat,              new  YORK. 

HOYLE,  CHARLES 

Mliiig  Eigiieer. 

Apaitado  8,  EI  Oro, 

ESTADO  DE  MEXICO,  MEXICO. 
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PROFESSIONAL  CARDS 

KLEPETKO.  FRANK 

CoBBilting  Eaginter 
MiniBfl  and  Metallirgy 

80  Maiden  Lane            new  YORK 

RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metallurgist 

29  West  Thirty-Ninth  Street 

NEW  YORK 

LEDOUX  &  COMPANY 

A8tayer«  and  Sanpltrt 

99  John  Street,            NEW  YORK 

Independent  Samnling  Works 
New  York  and  Jersey  City 

Bepreeentatiyes  at  all  refineries  and 
smelters  on  Atlantic  seaboard 

REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE,  COLORADO 
Gibli:  ''Dredger" 
M$:  Bedfbrd-MoNeli 

< 

LOWE.  HENRY  P. 

Ctasultiag  aad  Miuing  Enginear, 
CENTRAL  CITY,  COLORADO. 

Bedford  McNeUl  Code, "  Lowx,  Dentu." 

RICHARDS,  ROBERT  H. 

Or*  JDretHt^ 

MaaeachaMtta  laetitute  of  Tachaology 

BOSTON,  MASS. 

RIORDAN,  D.  M. 

C0H9MMng  JBngitieer, 

Minini;  InvesdgatioiM  especially  carefnlly 
made  for  req>eoaIble  inteading  laTettora. 

Ctty  laveattAf  BldgM  IBS  BnaSway,  N«w  Yerit. 

MYERS,  DESAiX  B. 

Mining  Engineer 

321  Story  Building        LOS  ANQBLB8 

RICKETTS  &  BANKS^ 

80  Maiden  Lane,  New  Yoric, 

Mining,  Metallurgical  and 

Chemioal  Engineers, 

Exanninadon  of  Properties.    Testing  of  Ores 
for  Best  Process  of  Treatment.   Consultation 
in  Mining, Metallargical  and  Milling  Practice. 

Howard  Poillon                 C.  H.  Poiribr 

POILLON  &  POIRIER 

Mining  Engineers 

63  Wall  Street 

NEW  YORK  CITY 

SPILSBURY,  E.  GYBBON, 

Consulting,  Civil,  Mining 
and  Hetallnrgioal  Bnglneer, 

45  Broadway,              NEW  YORK. 

cable  Address:  •* apUroe/*  JTew  Torh. 

FOR  PROFESSIONAL  CARDS 
QUOTED  ON  APPLICATION. 
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PROFESSIONAL  CARDS 


PORTER  W.  SHIMER  &  SON 

Metallirgioal  ChenItU 

ESTABLISHRD  1885 


C0M8ULTATI0N 

IKYS8TIGATI0N      EA8T0N,  PENN'A 


SYMME8,  WHITMAN 

Miilil  EaglaMT 

General  Superintendent 

Mexican  Mine,  etc 

VIReiNIA  CITY,  NEVADA 


ST0U6HT0N,  BRADLEY 


Coiitiiting  Metallargloal  Engineer 


29  West  39th  Street 


NEW  YORK 


These  Professional  Cards 
represent  Constiltingi  Civili 
Mining  and  Metallurgical 
Engineers,  Geologists, 
sayers  and  Chemists. 


PROPOSALS  FOR  MEMBERSHIP,  a  blank  proposal  for  mem 
^^— — ^^^^^— — ^^^  bership  is  included  in  each 
Year  Book  and  Bulletin.  In  the  event  of  not  being  able  to  secure  such  a 
one,  applications  for  membership  can  be  made  out  on  any  blank  piece  of 
paper,  provided  they  include  the  class  to  which  the  candidate  is  proposed, 
whether  member,  associate  or  junior  memt)er ;  the  signature  of  three  mem- 
bers or  associates  (junior  members  must  also  have  the  endorsement  of 
two  of  their  Instructors) ;  a  brief  history  of  the  candidate,  including  date 
and  place  of  birth,  his  education  and  technical  record,  and  finally  a  signed 
statement  by  the  applicant  that  he  desires  to  l)ecome  a  memt)er. 
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An  Actusd  Record  of  th< 
Service  Rendered  by 

BzJdwin  -  Westinghouse 
Ellectric  Mine  Locomotives. 

At  the  minra  of   the   Ray  Connolidated   Copper  CompanT,' 
Ray,  Ariiona,  there  are  eleven  10-fun  Bald  win- Westinghoiwe    SianiJard  WeatliiKhon 
Electric  Mine  LocomotiveH  in  operation.     The  following  infer-    "^"'"i^bHt^ilon  na' 
mation  is  proof  of  the  phenomenal  record  of  lov:  rrpuir  and    mi  these  li*omolive«. 
mnintenance  cost  made  by  these  locomotives. 


BRUSHES  AND  COMMUTATORS 

The  firstshipnienlof  locomotives  wsa  put 
into  operation  May,  1911,  and  additions 
have  been  made  from  time  to  time  until 
now  a  total  of  11  locomotives  are  in  use- 
la  this  time  not  a  single  brush  has  been 
changed,  nor  a  single  commutator  turned 

'""'■  BEARINGS 


t  year, 


eof 


a  from  the  firat  loco- 
motive installed  to  a^certtin  the  general 
condition  and  amouot  of  wear  in  the  bear- 
ings.    Geaeral  coadiiion  of  the  motor  was 


I  practically  t 


brushes  were  in  perfect  shape.     A  careful 
teat  of  the  armature  bearings  showed  that 
'  two  years  of   operation  the 
nly  .003". 

CONTROLLERS  AND  RESISTORS 

A  careful  system  of  inspection  is  carried 
out  at  Ray,  and  when  it  is  found  that  con- 
tact fingeru  become  badly  worn  or  burred, 


they  are  either  Hinoothed  up  or  replaceil. 
Up  to  dale  not  a  single  segment  has  been 
replaced  on  any  of  the  controllers. 

No  trouble  bag  been  experienced  wiih 
the  grid  resigtora ;  only  three  gridx  having.' 
been  replaced  in  three  years  lime,  and  this 
was  due  solely  to  a  collision,  in  which  ih« 
grid  was  damaged. 

MECHANICAL  PARTS 

The  foregoing  does  not  cover  repairs  to 
weiring  parte,  sneh  as  brake  shoes,  trolley 
poles,  etc.,  which  of  necesaitj|  must  be  re- 
placed from  time  to  time.  With  regard  to 
wheels,  however,  only  one  pair  of  wheels 
has  been  changrd  in  two  ^ears. 

Two  of  these  Iwomotives  are  used  for 
generul  purpoi'es,  such  as  hauling  mine 
timbers,  etc.  The  remainder  are  used  tor 
hauling  ore.  The  output  of  the  mine  is 
6000  tons  in  16  hours,  at  the  present  tituc. 
The  avenge  train  conBisCs  of  30  to  a^  cars 
holding  5  ions  of  ore  each,  and  weighing 
approiimately  2  tons  each, 
if  Bttldwln-WestiiiBhouse  Mine  l-oconioHvea.  Tlie 
far  BUperEnr  lo  itie  earlier  types,  used  br  the  Tiny 
ires  can  be  obtalDcil  by  addrewlng  eiOier  fonipsiiy 


•        % 


